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MEMORANDUM FOR FILR

"Identification
TITLE: POGO2
AUTHOR: C. F. Banick
SPONSOR: G. C. Reis
DATE : January 28, 1969

LANGUAGE : FORTRAN V
KEY WORDS: POGO, Nyquist, Stability
Purposc

To evaluate the longitudinal stability of a large
launch vehicle modeled as a coupled system comprised of a
mass-spring structure, a distributed propellant feed system,
and engines. Longitudinal stability or instability is a
consequence of the interaction between the launch vehicle
structure and the propulsion system. Instability (POGO)
is most likely to occur when there is a coincidence of the
resonant frequencies of the structure and of the propulsion
system.

Method

) The interaction between the propulsion system and
the vehicle structure is described by a nonlinear system of
time dependent differentisl equations.® For the purpose of
obtaining numericel solutions of the system, the equations
are linearized and LaPlace transformed. The resulting system
of simultancous complex linear equations is a function of the
IL.aPlace transform variable s. For a given time into the
flight, entries of the cocfficient matrix representing the
linear system are calculated as functions of the frequency

¥For a description of these equations see R. L. Goldman
and G. C. Reis, "A Method For Determining The POGO Stability
Of Large Launch Vehicles", in preparation.
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w where jw=s,¥% and a Gauss-Jordan reduction scheme is used
to obtain numerical results. At each time point, a Nyquist
plot is generated representing the open loop gain of the
system and the Nyquist stability criterion 1s used to evaluate
the stability.

Input
All input to POGO2 is accomplished by means of

"the namelists RUNS and INPUT which are read in that order.

Below is a description of all the variables in these name-
lists. :

NAMELIST 'RUNS'

NRUNS number of different sets of input data
for which the program will be run during
a single executlion.

E
This namelist is placed Immediatlely behind the
XQT card and before the namelist "INPUT'.
NAVMELTST "inuvust, ..

NPRoLic nuw:bor of froauency intervals of interzat,
The maximun value of NFRQNC 1s determined
by the paramcter variable NN which can be
changed at will.

OMGAMN (1), minimum and maximum values of the frc-
OMGAIX (1) quency in the Ith interval (hz).
TMIN,TMAX minimum and maximum values of the flight
times to be considered. For a single set
of input data, the same frequencies are
considered for each flight time (sec).
DT increment for the flight time (sec).
TCECO time for center engine cut-off (sec).
MU(1) viscosity of the oxygen (lbs/(sec®in)).
MU(2) viscosity of the fuecl (1bs/(sec®in)).
D,E,Ti, - each of these arrays is dimensioned 6x2.
SL,C1,T The first subscript determincs suction

line segment, the first five being oxygen

¥%For a description of these calculations see A. T. Ackerman
and H. E. Stephens, "AS-503 S-IC Stability Analysis", in preparation:

ol
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and the sixth being fucl. The second
subscript is 1 for inboard engine and 2
for outboard engines.

D Diameter of the segment (in).
E Modulus of elasticity of line
material (1b/in¥#2).
: TH Line material thickness (in).
; SL Length (in).
Cl Orifice loss coefficient (lbs¥sec¥#
2/in¥#¥1)
T 0..LE.T(I,K).LE.1. gives wall velocity

as linear combination of tank and
pump velocities.

SKA,SLA,TA each of these is dimensioned 2x2. The
first subscript is 1 for inboard and 2
for outboard.

SKA Dimensionless isentropic exponent.
SLA Hedight of fluid in the accululotor
(in).

TA O..IE.TA(I,K).I.E.1. gives wall
velocity in the accumulator as
linear combination of tank and pump
velocities.

ASO(K), pump inlet area for each oxidizer and
ASF(K) fuel line. Each engine has two fuel lines.
K=1,2 for inboard, outboard (in*¥2).

CI a 6x3x2x2 array of constants used to com-
pute the coefficients of the Rocketdyne
transfer funclions. These coefficients
arc represented by a 3x2 matrix. Six
constants are uscd 'in the calculation of
each entry of this 3x2 matrix. Thesec
six constants arc rcpresented by the first
subscript. The last subscript is 1 for
inboard and 2 for outboard engines. Thus,
€(5,3,2,1) would stand for the fifth con-
stant to be used in calculating the third
row-sccond column entry of the matrix
represcnting the inboard engine transfer
functions.

SKI a 3x2x2 array of gain constants of the
Rocketdyne engine transfer functions.
‘There is one gain constant corresponding
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MP
PVCD, PVCE,

PVCTI,
PVCSL

PVCKS,
PVCT

PVCSKG

"~ ALPHA,

BETA

KBCTF

- 4 -

to each entry of the 3x2 matlrix described
above. The last subscript is 1 for in-
board and 2 for outboard engines.

total pump mass (lbs¥sec®¥2/in).

each of these arrays is dimensioned 2x2x2.
The first subscripc refers to the sections
of the PVC and is 1 for the smaller and 2

for the larger. The second subscript 1s 1
for oxidizer PVC and 2 for fuel PVC. The

third subscript is 1 for inboard and 2

for outboard.

PVCD Diameter of the section (in).

PVCE  Modulus of elasticity of the FVC

material (1lb/in##2).
PVCTH Materizl thickness of the PVC (in).
PVCSI, Length (in).

each of these arrays is dimensioned 2x2.
The first subscript is for oxidizer, fusl

and tne sweond Tor intoned, outhoard.
~raQ RN g e R ~ . y
PVCKS Spring constans of thoe PVE (In/10).

PVCT O..LE.PVCT(1,J).LE.1. gives the
wall velocity in the PVC relative
to the ends of the PVC.

longitudinal acceleration in G's=thrust/
weight. On ground, PVCSKG=1l.

each of these is dimensioned 2x2. The
first subscript is for oxidizer, fuel
and the second for inboard, outboard.

ALPHA Adds a constant phase shift to
the transfer functions which
represent suction line pressure
to thrust ratios (degrees).

BETA BETA®¥0MEGA, where OMEGA 1s the
frequency, adds a phase shift to
the transfer functions which
represent suction line pressure
to thrust ratiocs. This phase
shift varies as a linear function
of frequency (sec). '

if KBCTF=0, the gain constants of the
engine transfer functions and the con-
stants used to compute the coefficients
of these functions are given by the input
arrays SKI and CI. If KBCTF=1, these

e
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KBC2A

KIEOL

-5 -

i

constants are given by the arrays BCHSK
and BCIC in a data statement in the
main program (Bellcomn transfer functions).

if KBC2A=0, the last section of each
suction line is replaced by a PVC (Pressure
Volume Compensacvor). If KBC2A=1, no PVC's
are included, and the last section of each
1ine serves to convert absolute flow rates
to rates which are relative to the walls.

the program incorporates five engines
and associated suction lines by modeling
the inboard engine separately from the
four identical outboard ensines. Theo
indicator KIEOL permits the use of two
different methods of combining the
inboard and outboard lines.

v
‘se

KIEOL=1 ... the inboard ensine operates 'open

loop' and is connected 'in parallel’
with the outboard engine. Only U/5 of
the input slonal s arlicd to Uhe out-
board lincs, the ‘niver 1/9 being
applied to Lhe inbonrd lirno.,  The thrust
output from the inboard enpginge 1s not fed
back to the inpul of the inboard lines,
but is added to the {thrust cutput of the
outboard lines to produce the total thrust
output.

KIEOL=0 ... the inboard engine operates

KCENP

'closed loop'. The entire input signal
is fed to the outboard lines, and the
total thrust output is that due to the
outboard lines only. The inboard thrust
output is fed back to the input of the
inboard lines.

if the center engine 1s operating closcod
loop, the Hyquist stability criterion re-
quircs that this loop be investigated for
stablility. The indicator KCENY was
defined to allow such center engine Nyaquisti
plots to be made. If KCilNP=1 (MN.B. it is
necessary thaet KI®0L=1 in this case), the
center engine loop is opened, and the
total thrust output printed by the prosram
is the net force returned to the center
engine due to a unity thrust input to the
center engine. Otherwise, set KCENP=0.
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KSLNL, important parameters in the POGO problem

KSIL.CO are the frecguency responses of the various
suction lines and thelir sensitivity to
variastions in cavitation compliance and
other 'downstreamn' impedance. A commonly
accepted definition of the suction line
transfer function is the ratio of outnput
pressure (pressurc at the pump) to punp
acceleration. To determine these para-
meters the indicators KSLNL and KSLCO
were defined.

When KSLNL=0, the downstream
impedance is removed from all suction
lines, except for the cavitation com-
pliance. When XSLilL=1, the sucvion
lines are connected to their downstrean
impedance.

KSLCO isolates the suction lines
and their terminating impedances fromn the
rest of the system. Vhen KSLCO=0, the
input to the swetion lines from tanb
bottaor vraouonrer 1508
is the POS-A05 fecdbacin, b
the systlenw is In its norial state.

-

- fy sy ¢ PRCTIR
Tuogygunt. Lo g

INDPNT 2 for printout of all variables represent-
ing solutions of the linear systemn.

1 for printout of only those variables
representing suction line transfer
functions and the thrust output.

INDPLT 1 for Nygquist plots of the thrust output
represented by the variable TOPRNT. A
plot of imaginary vs real part of TOPRNT
is gencrated for each time point witlh
frequency varying.

.,

0 for no plots.

MPRIT : 1 for printout of the entire matrix of
coefficients of the simultancous

equations reprecsenting Lhe linear systen.
0 for no printout of coefficient matrix.
Output
For each set of input data, all of the variables in

the input namelist 'INPUT' are printed along with the vari-
ables in the output namelist 'CSK'.
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At each time point, a Nyquist plol of imaginary
vs real part of TOPRNT is generated with frequency varying
(if INDPLT=1) and the following arc printed out

the variables in the output namelist 'OUTPUT',

amplitudes (db) of zero phase crossings and the fre-
quencies (hz, at which they occur (_iicpt when KS81LCO=0), .

... variables which represent solutions of the linear system
as functions of frequency (dependent upon the indicator
INDPNT). -

At each frequency, the coefficient matrix of the
linear system may be printed out (MPRNT=1).

Namelist 'CSK!'
C,SK the C and SK arrays reprocsent the actual

transfler functions used by the program.
If KBCTF=1, these will be Bellcomm. If
KBCTI=0, thecse will be Rocketdyne.

Namelist 'OUTPUT!
in what follows, the subscript K refcvs
to ths engincs and is 1 Ter Lhe inboord

engine and 2 for Lthe outboard engines,

MO(K),MF(K) propellant weight per unit length (Ilbs/in).

MTO(K), pressure pcr unit zccceleration at tank

MTF(K) bottoms (lb¥scc®%2/in¥%2),

PAOS(K), static LOX pump inlet pressure (psia).

PAFS (K) static fuel pump inlet pressure (psia).

RHO(I,K) welght density of the fluids. 1 is 1 for
oxygen and 2 for fuel (lbs/in¥*#¥3).

CBO(K), bubble compliance of the fluids (in%*%2).

CBF(K)

CF,V,SA - each of these is dimcnsioned 6x2. The

first subscript defermines suction line
segment, the first five being oxygen and
the sixth being fuel. The second sub-
script is 1 for inboard and 2 for oub-
board engines.

CF Frictional coefficient of the
segment. .
A Velocity of fluid in the seg-

ment (in/sec).
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OMGA(T)
ZETA(I)

HP(I,K),
HTO(I,K),
HTF(I,K)

HGOMEQ (1)
LA(T,K)
VAO (T, ¥)
KA(J,K)

PVCA(I,J,K),
PVCSA(I,JT,K)

-8 -

SA Wave speed of fluid in the seg-
ment (in/scc).

I=1,9 the natural resonant frequency of
the structure in the Ith mode (rad/sec).

I=1,9 damping ratio of the structure in
the Ith mode.

I=1,10 the coefficient of the Ith term
in the generalized coordinate expansion
of the displacement of the pump, oxlidizer
tank bottom, and fuel tank bottom,
respectively.

I=1,10 converts the force at the gimbal
to the generalized force in the Tth mode.

the product of the acceleration of
gravity and the inecrtance of fluid in

the accwnulator. J is 1 for oxidizer and
2 for fuel (1./in).

volune of gas Iin the accuovmuletor., J is
1 for oxidizcr and 2 for fuel (in¥¥3).

elastance or stiffness of the gas In the
accunulator. J is 1 for oxidizer and 2
for fuel (1./in##2).

the subscript I refers to the sections
of the PVC and is 1 for the smaller
and 2 for the larger. J is 1 for the
oxidizer PVC and 2 for the fuel PVC.

PVCA Cross-section area of the PVC
sectbion (in¥#%2),

PVCSA VWave speed of the fluid in the
section (in/sec).

Printout of solutions of the lincar system

P10T,
DW101

P8OT,
D801

P100,
DW100

P800,
DW800

inboard engine oxidizer line inlet
pressure and flow rate.

inboard engine oxidizer 1line outlet
pressure and f{low rate. ‘

outboard engine oxidizer line inlet
pressure and flow rate.

outboard engine oxidizer line outlet
pressure and flow rate.
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P1FT,
DW1FI

P2FI,
DW2FI
P3FI,
DW3FI

P1FO,
DW1FO

P2FO,
DW2F0

P30,
DV 370

X101, =0l
XTH1

XTOO, XPO,
XTFO

X10 THRU
XI19
TI

TOPRNT

TROI, THFFI

TFOO , TFFO

invoard engine fuel line inletl pressure
and flow rate.

inlet pressure and flow rate of the
second segment of the inboard engine
fuel lines.

inboard engine fuel line outlet pressﬁre
and flow rate.

outboard engine fuel line inlet pressure
and flow rate. ' :

inlet pressure and flow rate of the
second segment of the outboard engine
fuel lines.

outboard engine fuel line outlel pressure

and flow rate.
All of the above pressures are lbs/in¥#2
and the flow rates arec lbs/sec.

oxidizer tLun¥ vovlom, punp, and [ucol
tank bottom dlsplacemonts of tho Inboard
engine (in).

oxidizer tank bottom, punp, and fuel
tank bottom displacemecnis of the out-
board engine (in).-

the ten genecralized coordinates (in).

thrust output of the inboard engine (1bs).

if KIFOL=0 and KCENP=0, TOPRNT is the
thrust output of the outboard engines.

If KIEOL=0 and KCENP=1, TOPRNYT
is TI+OMEGA®#2¥P-ASO(1)*DP80T-2. ¥ASF (1)
¥P3FI where ONEGA is the frequency in
radians/scc.

If KIEOL=1, TOPRNT is the sum of
the thrusts from irnbeard and cutboard
engines. :

ratios of output pressures of the
oxldizer and fuel suction lines to
OMEGA#¥2%¥YPI (inboard engine).

ratios of output pressures of oxidizer
and fuel lines to OMEGA¥¥2%¥XPO (out-
board engines).
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Subprograms Used

ACCUM2

DATA

PMTRX?2

PVC

SOLVEQ

STHCT?

TABLED

POGPLT

supplies accumulator variables LA and
VAO which are independent of flight
time and frequency.

supplies values ol the suction line,
pump, and tank data for a given flight
time.

calculates the entries of the coefficient
matrix of the linear system for a given
flight time and frequency.

a routine called by PMTRX2 to define the
matrices used to model the pressure-
volume compensators,

supplies solutions of the linear system
in the form of amplitude and phase angle
for a given flight time and frequency.

~

sy lies valnan of 4

ne stryrucetunl Snte

xu
for o givon flignt Uime,

performs linear interpolations using a
binary search.

used to obtain Nyquist plots. These
plots are generated by the Strombers
Carlson 4020 plotter. POGPLT is an
adaptation of ORPLOT and uses routines
belonging to the SC-4020 plot package.
This package 1s at present maintained
on the Bellcomm system library.

A FORTRAN deck of each of the above routines can
be obtained from the Bellcomm Applications Program Library.

CGJR

CLOCK

a routine in the UNIVAC MATH-PACK which
performs a complcex Gauss--Jordan reduction
on the matrix supplied to it by SOLVEQ.
The MATH-PACK is al prescent malintainod

on the Bellcomnm system library.

a Bellcomm system library routine which

prints the program execubtion time required

for obtaining and printing solutions of
the system over one flight time.

R O U
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Program Limitalions

The maximum number of frequencies that may be con-
sidered for one flight time 1s delermined by the parameter
variable NOMEGA and is at present 125. The maximuwn number
of frequency intervals that may be considered for one flight
time is determined by the parameter variable NN which is at
present 20. NOMEGA and NN may be changed by the user and
are restricted only by the size of core.

Program Usage

At present, POGO2 is running on the UNIVAC EXEC 8
system. Assuming that the user has not already established
a FASTRAND file or tape on which the program is stored, 2

.

typical run deck would be set up as follows:

@RUN CKFB,POGCFE,T'0G02,20,50

@HDG C F BANICK SAMPLE POGC2 RUN

@ASG,I 10,7,PLOT (A plotting tapc must be assigned
vhonevaer wyan’st paolbs a»e Lo be

gencrated. )

@rOR,IS POGO2 ,POG0O2
(FORTRAN cards)

@FOR,IS ACCUM2 ,ACCUMR
(FORTRAY cards)

ete.

FORTRAN decks of POGO2, ACCUM2, DATA, PMTRX2,
PVC, SOLVEQ, STRCT2, TABLEB, and POGPLT.

exqQT

$RUNS
NRUNS=
$END

$INPUT
(data)
$LND

$INPUT
(data)
$END
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Program listings and a sample run of the progran
are reproduced below. Included is the Nyquist plot generated
by the run.

NOTE: The values of input variables are not changed by
the program. Therefore, it is unneccssary to reset values

of varisbles in the namelist INPUT Lolween successive
readlngs during one execubion of-the program.

o bk L 734 ’9[¢%~4‘/¢/

C F. Banick /
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TITLE
AUTHOR
SPONSOR

OATE

PURPOSE"

METHOD

INPUT

W

POGSICoPUCG2; PEGO2
POGO2

CAROL Fo DANICK

-GEORGE Co REIS

11]15=08

SOLVE A SYSTEM OF SIHHULTANECUS LINEAR EQUATIONS WinlIGH
MODEL THE SATURN V SELFoSUSTAINING LONGITUDIHAL
OSCILLAYIONS (P0GO)e THRUST VARIATIONS ARE DUE 10
O0ScILLATIONS IN THE STRUCTURE VWulCH ARE FED BACHK TO THE.
THRUST THROUGH THE PROPELLAEY LINES,

DEFINE THE HATRIX% USED TO DESCRICE THE SYSTEH AND USE
A GhUJJnJORDAN REDUCTION SCHENE TO OGYAIN NULERICAL
RESULT

THROUGH NANELLISYS

NAMELIST SNUNS® ¢oo
NRURS NUMOCER ©F DIFFERENTY SETS OF INPUT DATZ
FOR VIHICH THE PlRoChnt wllt. GE RUN DUDING
A SINCLE EYeCUuTioNe
THIS LanrLESy 10 PLACTD Innfelayony Lontin val nih

CrilD atp BOFORE TUE pAns 18T vliiuvys

tee T3 T2

i

NAGELIST ¢INPUTtoge
NFRUNC NULBER OF FREQUENCY INTERVALS OF INTERCGY
THE HAXInUE CALUE OF NFRQNC IS LOTERHINGD
BY YHE PARALETER VARTAGLE NN VHICH CAN
66 CHARCED AT V1Ll

OMGAMN{T )}, MININUL AND HaXxlpUii vALUSS 0F THE
OHGANX (1) FREQUENCY IN THE ITH IHTERvAL (RZ)e

DONGALT) BASIC STEP SI1ZE oF THE FREQUENCY In THE
ITH INTERVAL (HZyoe

TMINTHAY BINIHUS AND HAXInUn vaALueSs OF The FLICUY
TINES 70 88 CONSIDILEDe FOR ORE CRECUTICH
oF THE Procpiiis yHE GALLS FREOUED rri[t
ARE CONGIDERED FOR Erch FLICHT TIHE (SECYe

DT THCRENREHYT FoR THE FLIGHT YINT (SECH.
TCECO TIME FOR CENTER ENGINE CUT«OIF (GEC)o
MU VISCOSITY OF THE ORYCER (LOS/Z{SEC® IN))o
HU(2) VISCOSITY OF THE FUEL (LOS/Z{SECelH) )
DsEsTH, EACH OF THESE ARRAYS 1S DINENSIORCD 6X2,
SLyClsT THE FINST SURSCRIPT DETERMINES sucTion

LINE SEGHMENT, THE FIRST FIVE DEING QAVEEN
AND THE SIxttt BEING FUEL, THE SECOND
SUBSCRIPY 1S 1 Foft INDQARD ENGINE AnD 2




PVCKS
Pyl

PVCSKG

AI—PNA []

BETA

KBCTF

KGC2A

KIEQL

2 FOR OUTDOARDS

PVCD DIALCTER CF THE SECTION (1h)e
pVCE MOGULYUS oF ELASTICITY OF THE

PVC HATERTAL (LBZIER2)
PVCTH BATENIAL THICHIESS OF The PVC (Iw)
PVCSL LENGTH (1H)e

EACH OF THESE ARpAYS IS DINENSIOGHED 2X2.
THE FIRSY suno 2ilT 1§ FOol oxiplzEn, Tulp
aAND THE SECOND FOR IHDOARD, OUTEOAKD .
PVCKS SPRING CONSTANT OF THE PVC (IN/LB)
PVCT Deolfc PVCT(lsJ)eLEele GIVES -
THE VALL VELOCITY N THE PVC
RELATIVE TO YTHE ENDS OF YhE PVC,

LOKGITUDIHAL LCCEpLERATION IN G'S © THRUSY/
wEIGHT e ON GROUND PVCSKGu] e

EACH OF THESE 15 DINONSIONID 2X2Ze ThE

FIRST SUDSCRIPY 1S FOD onlnlzen, FUEL

AND THE shconp FoR 1IN ARD . QUTBO/ARD:

ALPHA ADDG A CONSTART PHASS SKIFT TO
THE TRANGTER FUNCYIONS wHICH
REPRESENT SucTlon L INE FRESSURE
YO THDUDY RATIOQOUDECTILEDR)

pEYA ALLS & THAST SRIET T“ 1«2 THONST i
FURCYIONS Wit on pErnteing SuCilon
LINE PREGOURE T0 IiiU ToRLTLI0C
THIS PRAGE SHIFT VARIES 20 A
LINGAR FyNciLOon oF FR LCUEHCYe

IF KBCTF=0, THE ehlll COHSTANTS OF TLE
ENGINE TRANSFER FUNCTIONS AND THE
CONSTANTS UGED Yo COIPUlE THE COFFFICLENTS
oFf THESE FUNCTIONS ARE GIVEH BY THE INPULT
ARRAYS SKI AND Cpe IF KBECTF=l, THESE
CONSTANTS ARE GIVEN ©Y THE ARRAYS BCHGH
AND BCHC TN A OAYA STATEMENT IN THL HALN
PROGRAN (DELLCOL TRARAGFER FUNCYIORS) o

1F KDCZAuO, VHE LAST SECTICH OF EACH
sUCTION (Ire IS pEELACED BY A PVC
(PRESSURY voLUunl CORPpERSATOR)Y e 1T

KEC2Aumls NO DPVCSG ARE FHCLUNED AND THE
LAST SECYION OF EACH LEIRE SLOVES Ta

CONVE L? LESOLUTE FLow RAYES TO RATES wuilch
ARE RELATIVE TO gHE UALLGe

THE PROCOAL INGONPORATES FIVE EMNGINES
AND ASSOCIATED ‘Ubi!( ll“-n by HODELING
THE JUGOARD ERGINE SEPARATELY FROIT THE
FOUR I0EIYICAL QUTYDOARD ENGINES: THE
INDICATOR KIEOL PERMITS THE USE of TvO
plFFERENT HMETHODS OF corplInItNGg THESE

"INBOARD AND OUTCOARD LINESe
KIEGLr) oso0o THE IKRBOAND ENGIMNE OPERATES

topEN LOGP® AND IS CONHECTED *IN rARAILhL°




ASO(KR),
ASE (1)

Ccl

SK1

MP

PVCD{PVCE,
PVCTH,
PVCSL

FOR CUTDQ.ND CHGINDS,

D DIAL_TEP 0F THZ SEGHENT (IK)
E HOByLUus OF gLAsTICIsY OF LIn

HhTERI’l {Lg/liioc2doe
TH LINZ HAVERIAL THICHRESS (IN)oe
st. LENC!: (DA N

¢! ORIFICE LOSg COEFFICIENY (LeSeSECec2/-

INcoq) ¢

T ODool,ReT(IsXyol.Eole GIVES WALL
VELOCIYY #5 LINEAR CORDINATION OF
TANR AKD PUMP VELOCITIES,

EACH OF THESE IS DINENSIONED 2x2, THE

FIRST SUBSCRIPT 1S | FOR OXIDIZER AND 2

FOR FUEL, THE SECOND 1S § FOR INBOARD Anuv

2 FOR QUTDOARDO

SKA  DINENSIONLES ISEHTROPTIC EXPOMENT.

st.n HEIGHT OF fLUID IH O THE ACCUBULATOR
(IR

TA OeollEoVALT e elllcele GIVES yi/ALL
VELOCITY 1 THE ACCUNULATOR AS LINLgR
COHpItiATION OF TALK AND PUNP
VELOCITIES:

pUNP THLET 2RECA pOR EACH OXIDIZER ANRD

FUEL LINHEs EACH ERCGIAT BAS TV Fuft 1 Mtifge
Kebo2 FOL THEOMG L U D el
LOGNERZRE ANDAY T CunSTANTS USuD o
CORPUTE Tz COLFFlCIERTS OF THb

ROCKEYOYNE TRANSPER FUNCTIONS: THESE
COEFFICLEnTs ARE REPRESENTED BY A 32
HPATRLIY. o SIN CONSTANTS ARE USED IN THE
CAICUII 10' OF LGl EXRTRY OF THIS 3x2
MATRIN o YHESE Sl CONSTARTS ARE
REPNESENTED OV THE FIRST SUBSCRIPTe THE
LAST SUBSCRIFY 1§ 1 FOR INDOARD aND 2 FOR
oUTHOARD ENGINES, THUSE, Cl5e3¢2,1) wOULD
STAND FOR THE FIFTH CONSYART TO BE uStp

IN CALCULATING THE YHIRD ROUeSECOMD COLUnM
ENTRY OF YHE HATRIYN REFRESENTYING THE
JHEOAND EREINE TelNsPFER FUHCTIONS o .

AOJN2NRZ rRney OF GHLIN CONSTALTES OF ThE
ROCEETDNVHE ERCIEG TnanofeEl pUNCTIONS .
THERE IS oG CGAlp ConaTint CODNZsPOnDING
YO EACH EU0TeyY OF THE ayz HAaRLL DEScHIBtD
ABOVE e THE LAST qUGoCRIPT 1S L Fof
INGOARD AR & FOR CUTROARD ENCIHNLS.

TOTAL PURD HAGS (LOSeSECeoz/ L)

EACH OF THESE ARRAYS 1S DINENSIONED 2X2X2¢
THE FIRST SUCSCRIPT REFERS TO THE SgCTlons
OF THE PvC AND Is 1 FOR THE SHALLER AND

2 FOR THE LARGER, THL SECOND SURSCRIPT

1S | FOR OX1DIZEn PvC AND 2 FOR FUEL FvC,
THE THIRD SUDSCHIPY IS 1 FOR THSOALD ARD

o
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GITH THE QUTHOANRD ENGIME. OMLY 6yB OF
THE 1NPUT SICGHAL 1S APPLIED TO THE
QUTDOARD LINES; v0 BENATHING /4 OLRING
APPLIED YO vl Iul0anD LifZe THE THAULY
oUTPUY FROM THE [NLOARD ERGIRG 1S hoT FEO
BACHK YO THE INPUY OF THE IND0ARD LINES,
gUT IS AGDED TO THE THOUAST 0UIPUT OF THE
QUTDBOARD LINFES TO PRODUCTE THE YOTAL THRuUGT
OUTPUT e

KIEOLuO coe THE INBOARD ENGINE OPERATES
TCLOSED LOOP®e THE ENTIRE INPUT SIGHAL
1S FED 70 THE OU7BOARD LINESs AHD
THE TOTAL THRUSYT OUTPUT IS THAT QUL TO
THE OUTDOARD LINES OnNLYe THE [HDOARD
THRUSY QUTPUT IS FED BACK TO YHE IMPUT OF
THE INDOARD LIKEeCe

KCENF 1F THE CEMTER GMGIHE 1S QPERATING CLOGED
LOOD s THE Byculsy SYr0ILIVY Crivenlol
RECUIRES THAT THIS LOOF BE IRVESTIGATED
FOR STARTLITY. THE INDICATOR KCERD WAS
DEFINED TC ALLOU SUfn CERTER ERGLRE
NYCULST FLCYS TO I naDE, I1F KCENPOL
(NePe 1T 1S NZCECTLnY THAT KIE0LeY IR

YRIS Conuy o el ochnyrn mp ot tonh 14
OUFEHIU e 2t THT OV AL VHEMEY oui it
PRILTTD DY TS CpOooan 1o Rt Ry Fenal
RETURECD Y0 THE CRUTER ERGIRE DU TO 4

i
| RE
TO OTHE CEHTER ERGINE.

0

]
UNITY THRUSY IUPul
oTHERGISE,y SsEY gl

NN [HEORTANY PADANDSERS TN THE POCO FROVLEN

KSLCO ARE THE FREQUESNECY DESPONGLs OF ThO
VARIOUS sUCTION LIRES AHD THEIR
SENSITIVITY V0 VARIAYIONS IN CAVIVATION
CONPLIANCE AND OTHER *DOVNSTREANS
JMPEDANCE. A COUNONLY ACCEPTED DLEFINITION
oF THE SUCTION LiME TRANGFER FUNCTION 1S5
THE RETIO OF CUTEUY pRESSURE (PRESBURE AT
THE PULPY YO PUITp LCCTLERATION. YO
DEYERHINE YHESE pARANETINRS THE IHDICATORS
KSLEL ANG Halc0 wERE DEFINED.

GHE olthege THE DOURIVLEANR
IMFEDARCE 1s RENOYVED Fion ALL SucTlon
LINES, EXCrLy FOR THE CAvITATiION
CONPLIALCE . vIE Keunbost e THE Sugilon
LINES ARE CONRIECTED Y0 THEIR DOUROTRLAN
JHEEDAHCE ¢

KSLeO 1sobAatis yHE SUCTION LEINZS AND
THEIR YERLINATING IGOEDANCES FROM Tl REgT
of THE SYSTEHe UREN KSLCO=3, THE INFUT ToO
THE SUCTION LINEs FRON TANK BOTTOM
PRESSUNES 15 SET EQuaL To ZERO aAS 1S THE
POS=A05 FEEDDACK, VWHEN KsLCO=], THE
SYSTEM IS IN ITS NOpuhl STATE. .

INDPNY 2 FOR PRINTOUT OF ALL VARIAGLES
' REFRESENTING S0LUTIOHS OF THE LINESR




ﬂﬁnﬂnﬂﬂnﬁﬁhhﬁﬁﬁﬁﬁﬂhﬁnhﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁhﬁﬁ e RaYaNaNaNaRaXaRakaRakaNaNaka s NaNala)

e e T Su——

QUTPUT

[ 98
SYSTEH, .
j FOX fFf;”nU“ 0r QLY THOOE VADTADLES
QEPRESENTING SUCTION LINE TRAMECTER
FU!CILO.J LD VHE THREUST OUTTUT e
INDPLY 1 FOR HYQUIST FLOTS oF TiH& THRUST U7y
’ REPIZSENYTED BY THE VARIALLE Top ITa A
PLOT OF U’MG“\[!‘“! VS ROAEL PART 0? OPRNTY
IS GEDERATIS JOoR EACH TINHE POINT LIJH
FREQUENCY VARY;NGa :
0 FOR NO PLOTS.
MPRNT §f FOR PRINTOUT O THE ENTIRE MATRIX OF

COCFFICIENTS OF TuE SIHULTANEOQUS
EQUATIONS REPRESENTING TiHE LIHCAR SYSTgEHN,
0 FOR NO FRINTOUY OF CORFFICIENT HATRIX.

Fop EACH SEf OF IHPUT Dath, ALL OF THE VARDABLES 1N THE
INPUT NABZLIST sIUpUTe ART PRIHGED OUT ALONE WITH THE
VARIAGLES [H The OUTIRUY NARGLISy SO

. AT EACH TInfh POINT, A MYQUIEY TLCT OF InLcIlley Vs
REAL PART or TOPRKNT IS CEMERAYOD VIVH FRECUZNCY VARYIRG

(1 IMDPLT2L) ApD THD Fobbooillte ALE PrRinteEd ouy

ec. THT v,ﬁr!?lg? N S U RSN T R AN B SRR G F AR UL
coc AUFLTTULOL (Do Ue ziio Dot oRennrinnho e Tu;
FreoUulicios (H7y AT ViIcH vhTy eldoun (RneerT o aneh

K&LCOn i) g

ece VARIADLES Gplch REF FOTHD QLInoan

RESERT Sghurlens 0
SYSTEN A£G FUNCTIONS OF FREQUINCY (CAPENDERT UM0L TofR

INDICATODR IHDPHRTY 6
AT [rcH FReEQUELRCY s THE COneTIeIEnT haTRIN oF YD
LINEAR SYSYEHR NaY BE PRIMYED OUy (HPRHTol) e

NAMELISY ¢CSH %00
CoSK THE € AND SE ARRAYS REPRESEMY THE ACTUAL
TRANSFER FUNCTIONS USEDR Y THE PROGUEAN
1F KBCTFel, THESE GILL BE OELLCCHIe IF
KBCTFeOgs THESE Gilh BE ROCKETODYilEe

NAKELIST foUTPUTE oo

N OGRAT FOLLGED: Yhp SUpoCniey 10 Ropknc

TO THE Cprinca fph 16 0 Fol VRO pRiesRe

EMGINEG AnD 2 FOR THE OUVIOARD EHCINED
MO (KD HE(K) PROPELLANT vEIOHY el URIT LENCTH (LOS/Tu)e
HTOEI Y . POESSUNE PER UNTY ACCELERAYION LT TLNKR
HTF KD BOTTONS (LECOECCLI/IRYT2) o
PLOS (K) SYATIC LO¥ PUNLD? INLEY PRESSURE (PS1f)e
PAFS (1) STATIC FUEL PUND TRLEY PRESSURE (PSIA)e
RHO(1,4K) WEIGHT DENSITY Of THE FLUIDS. 1 15 | FOR

OXVGEHN AND 2z FQR FUEL (LOS/INce3)e

COO(K) , " BUBBLE COoNPLIANCE OF THE FLUIDS (INco2)e
CBF (K) ‘
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PRINTOUT oOF

CPeVSA

OMGAC(I)
ZETALL)

HP (T ),
HYO (T (K}
HYF QT gt0)

HGOLEQ(T}

LAGY K)

VAOLJ KD

KA(JK)

PVCALT ¢Jd K)o
P\(CS/\(X§L!sI:)

P10l

EACH OF THESE 1% DIBCHSIONDD &X2 THE

FIRST SULECPIPTY pEvinul r:s SUCTION LINE

SEGHEMY: THo FIRST Fyvo DTING OxyCLp Anp

THE STAYH REltc FUCL, 1HE SECOND

sUcsChRIPY 15 ) FoR INBCARD AHD 2 FOR

OUlUO.’u’{D [NCZ“C

cF FRICTVIGOHIN. CO Fraerany

v VELOCITY CF FLUXD INn ¥
(IN/SEC)e

SA WEVE SPEED oF FLUID IN THE SEGHERT
(IN/SEC)o

CF Tl SECI'TLT,

SEGHERT

181,99 THE RATURAL REGONANT
THE STRUcTURS IN THE ITH

FREQUEHNCY OF
ROBE (RADZSEC)

D/“;i"
HOCE e

1149 10G RpaTI0o OF ThHe STRUCTURE 1IN

THE ITH

Il TERY

[ol !0 FHT COSFplCIEHT OF THE
nobyphansion

1 THE CSP{P'!17RD COORDIMNATE
OF THE DiifLACTHENT F THE |
TANE UQT%OH, AUD FUCLL ThApY B
NECPLCTIVELY ¢

CONvIRTS Thy FGRCE AT THE
Ceaonitivgl Foncio i [

crpne
Ov,

jel el
10 Y ho TG
THE PRODUCT OF
GRAVITY LI'D THE

Tt rCCELERATION OF
IRERTAMCE OoF FLUID LN

THE ACCUBULATONe J 19 1 FonR oniplzen fnp
2 FOo FUsth (la/lnte
VOLUME OF GAS IN THE ACCUMULATOR, J 1S
{ FOR OXIDIZER ApD 2 FOR FUEL (IN®c3)e
ELASTANCE 0 STIFFHESS OF THE GAS In THE
ACCUMULATYCE ¢ Jd 1S 1 FonR OXIRIZER AnbD 2
FOR FUEL (tc/1Nvg2)e
THE SURSCRIFT I REFERS TO THE
SECTICaS of TR OPVOC Anp 1S
FOR TH: SEHaLLEnR At 2 FOL ThHE
LAREGER: 4 16 1 FOh THE OKLDIAER
pPve Aitnp 2 FOL THE FUEL Pv(Ce
PVCA CROSGaaROYICUAL AREL QF TUE
PVvC SECTION (Ifece2)e
pveSAh VAVE SpEEL oF THE FLuip In Theo

SECTION (IN/SEC) .

GOLUTIOKS OF THE LINEAR SYSTED eoo

INGOARD ENGINE OxIDIZER LINE INLET
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C Dw101] PRESSUNE AND FLOw RATE

C

c PEOT IHB0AND EHCINE OxIDIZER LINE OUTLED
e DHEQ] PRESSUAE AU FLOW PATTe

c _

d PLOO, - QUTDOANRD ENGINE QRIDIZER LINE ILLET

C DW100 PRESSURE AND ru»u RATE»

¢ . .

¢ PEND, QUTLOATD EHCINT ohinizAR LINE IRLET

C 0800 PPESaUa\u AND FLOw RAYE.

c .

C j PIFT, INBOARD ENGIME FUEL LINE INLET PRESSURE

C DiWifF1 AND FLOW RAYES

C _ .

C P2F1l, INLEY PRESSURE AnD FLOV RATE OF THE

C D2l SECOND SEGHINT 0 ThE INCOARD Enelne

C FUEL LIDESe

C

C P3FIL, IRDOARD ENGINE Fuil, LINE OUTLET phEsSUnE

C 0w aF] AMND FLOV RATE

C

C PIFO, QUTCOAND ERGIME (UL LINE IRLET pREStURE

C DuLfF O AND FLOGY RATEe

C

C Poi0, (HLET PRpesuns Aol FHOT PATE OF THE SECD

C DuzcG CECHIIY GV yun Guiiolis SR ol S ST SR VRN DR N SRR St

C

C P30, UTLUAND ERayiis puUdn LIt CUTLLT TiihoNie

C DW3Fo AND FLOU RngEc

C .

C ALL OF THE ABOVE RESSURES ARE LpS/1hee

c AED TUE FLOU OATCO 4nE LES/ZLEC

c ‘

C XTOLoXP1 e ORIDIZER TANK BOgTOH, PULD, AND FUGL TANE

C XTF1 gOTTOH DISPLACENENTS OF THE INGOARD ENCINEG

C (IN}e

C

C XT00 ¢ XPO OXIDIZER YiNE DOYTOH, PUNP, AND FUEL TANK

C XTrFO gOYTOM DLIEPLACENENTS OF THE CUTRQOARD

C ENGINE (IW)e

C .

C XI0 ThHiu THE TEN eRHERALIZED COOPDTIHATES, (1) e

C Y1e

C

C 71 THRUST curruT 0F THY IRGGALD EHGING (LES)Y e

C

C TOPRNY 1F RIBOLeB ANLD FeEhpaly TOPRUET S Tno

C THRUSY Guveey OF THE QUTLDARD CMNCINES.

C IF KIDOL«O n1'D KCOHPwLe TOPRHT TS

c T1¢O0LEGheCnolire2 o i T80 020 uAGF (L) CPEF]

C WHERE Ohc A 1S Tt FREQUENCY IN RADLIANS
¢ 1F KICobLete YOPQRHT 1S THE syl ofF

C THE THAUSTS FPOu INGOARD AMND QUTEOARD

C ENGINES e

C .

C TFOl,TFF1 PATIOS OF OUTPUT PRESSGURES OF THE

C OXIDIZER AND FUEL JUFTXON LINES 70

o LOHEGAOEZoXP I (IHDQARD EHRGINE) ¢




SUSROUTINES

Usto

TFOOTIFO RATICE OfF QuUTPUT TRESSURES OF oniblzin

DATH

STRC

ACcU

PIITR

SOtV

ceun

Fyve

TADL

Cl.oC

T2

N2

K

&a

EQ

K

POGPLT

PIFF
THE
SELG
ERno

THE

IcurLyy

HEGGRET

- e .
’N ha’

AND FUZL LIKDS Yo CGiFEGA~cZ2eXP0
(OUIL‘:;.'.PD {l" I‘J-(O}O

SUPPLIES VALUZS oF TiHg SucTvliol LINE, PULPY AND
TANIC DATA AS A FUNCTION 0F TIitike

SUPPLIES VALUES oF THL STRUCTURAL DATA AS A
FUNCTION OF TINE,

SUPPLIES ACCUNMULATOR vARlAbLES INDEPENDEINT OF
TIHE aND FREQUENCY.

DEFINES THZ COLFpICIEnT BATRIx OF THE LINTAR
SYSTER AS £ FUNCYIQH oF TIKD At FROCUENCY e
SUTFLIES SCLUYIORS OF THD SYSTEN DEFINZDR DY
VRITRY2¢

A ROUTING T Thi UNIvVaAC HATH PACIE WHICH
POOFORIS A& COUTLEY CARUSS<JOLDAL REDUCTION QO
THE HATYRIA SUCFLICD Te 1Y BY eS0LVECe,

foRGU s CAb R Dy SR wn Il pEr s e
BATRICES Urih To nobbn Yo PV iSe

PERFOLIS L LIRGAR IRV OLATION,

A GELLCONN LILRARY ROuTIOE wHIGH PRIMTS YHE
PROCRAI EXECUYTION vIHD BEquinnn FOGRD onTAIRING
A0 Poinyivs seuutitns oF THL SYSTLn oVon Onn
FLIGHT TIHE.

USED 70 0BTAIN NYQUISY PLOTS. THESE PLOTS ARE
GENERATED DY YHE SC=4020 PLCTYER. POCGRLT USES
ROUTINES FOUHD OnN THE FASTRAMD FILE tsSCPLY G

SUBROUYINES fsun1e, fqUnze, AND tSUGHe ARE
INTERRAL TO SpQCOnte

IF LHEPpUT CATA 1S SUCH THAY THE €GO ROUTEIG pps

GHILE TRYING TO 1LVERY THE COFPFICIOEY naTulne
CJCT e IS PpYiviEb e olilDng 1S Al iy Entune

THOPACK WRITESUR oF Codl FOoir Al ELpPLARAT IO oF

ROREYUNRIRSe

oXloiz

THE (tUlfP EHeive oRlplisp LIME CRTERDS 107 n
Err YAl FORBING 4 STAHDPXPEo ONCE Yo HEleny

OF FLUID I THE TANKX FALLS BPRLOW Y& HEIGHT OF THL

STAHN

IF THE (HPUY DAYA ATTENPTS 70 SsT CEN

17T 185 10POSSIBLE |0 QFERATE §HE CENTER ENGINE
'TEN ENGINE SHUTDOUR

AT A TINE SUCH THAT AUTQHAYIC SpUTROSN GOULD HAVE
ADY OCCURRED,; A MESSAGE IS pRINTED

ALRE




A OOCONNO D

[alal

(aNg!

- 22 -

THE  COEFFICIENT LATRIX P IS DINENSIONED

CNONMEGA IS THE BANInUN MohITR OF rLLQU:hc

* = - ® L

CONSIDEIPAED FOR OMNE FLIGHT TihCo Mo lg
FREAUSHCY INTERVILS THAT (AY BR COnGInEn
NOMECA AHD RN HAY bE CHANGRED BY THE uUsip
BY THE SIZE OF CORE.

PARANTTER RNOPu3pgefIClolT HOURCAC2h

MRP XN HOPe

189 THAT
TH:. ‘ll \’I

BAY BE

0o pon oud FLIGHY YN

AtiD ARE

cMEan0

REAL LA MU(2) s MTONTF MO NF oHP KA

COHPLEX P(NRPINCP)sTOUT (TOUTKP 9 yOPRNT s TIOUT

PH2 IS SHARED BY POGO2 AND PHYRXZ.

CONTION /P12/7G:CF(6:2)Vi0,2)¢SAY(
cx(opz>,nro<;r?x:Tnagz),nhchgz>

ZET&(V);OﬂL/(
HP(IDgZ)aHTUi1097)‘f"f(IU 2)hCn
c(f)bz‘tl (,?)9;1’(3 ):udlr'pc C’\('

Lp2) A Lh

gt\nfdgr,) 0"1
BEYA(2:2) ¢SL11A ( 62V e VL2 Sl COiC

meognsol

.»Lﬂ(l(l);r
>:‘\.[" )V

2)YeSLt&e2 )
L,FHF.(?..;E);
ZYeAST(2)

0f2) n¥ie)
PO(?):hF(23:

HP¢PVCE (?ﬂ?.?)‘YVQ?S 2,21 ,PVCSEGerVCTi2:2) 0V CRE2:202),

PVCSA(U,)QL)QLPCdAtkIROLDKCEH[

1

DInEn ol pne iy ORI
EQ6 o2 oDV (28 2y PVOE Lo, 0D
Ou'if‘wu.‘ﬁ‘}vf]UU)'\Iﬁfffﬂ};rfb
Riouvoing “L(,)s(10”sO(VO TCRY T
ASOLEP(RLQIEGA 42} nr SOLRpHonn (—w'.

NCHARLZ2G )Y ; ONGORGIHOUEGA) ¢/ TC«&(H
Pf\rr‘;(?)s\'fn(,r,);fl(‘llil(‘U £ G /)

Sl\l(?p(.gA.’gCE(‘-;x‘ ;’.;2’

EQUIVALENCE (PL38,39):T0UT)(P(g

TLF(").

SO I ST

s Y

?) g‘\fll ([ll\l)) pfln’!lttr ( (rllf(l’ ) [

O}Ih(n ; "‘l\
PYouTI(nG

7p39),T10

H(: pz ),[u .4(
rlLCn,

Ut

(ATOUTO g ASOLEP(14230)) o (PTOUTOFSOLKP (3 ,38) ),
(ATOUTI cASOLEPLU1e37) )¢ (PTOUT] ¢ PSOLEP(Le37))

NARELIST/ZRURS/HPpUNS

NABELTST /IHPUT/NFHQHC;UHC&HN«Q“
TCECO U D L‘.AT“; C!:,Tpr"f\g..'u..
PVCDePVCE ¢ vrsn,rw e PVEKS S PVOY
KEOTF o X CC,/, IO o Cff'l’;l SLHEL g

NAHELLIST ¢S/ Coe &K
NANCLISY ZGUTPUTZNOIF sliTO TR o
RHOb(:[“rl pCGFg‘JgCFeS.’::
HGApZETA:HPoHToeHEFcHGOHEUbLhov

GAIN COKSTANTS OF THE BELLCOHM TRANSFER

G/FX:”””C
']/xp,r‘o
prvf{{(‘.{

e YR THALN .

. F';CI;‘.I‘!(f.Pp

l,nr'“.’; ¢ ['.' f- .l- i". s

7).

RV,

LOG THOPRG s LROPLT PRy

IOPQI |-iC

I‘-.O [ A ¥ v C

runcyrons

Lel'VESA

<O

DIMENSION LCHS K(a,z,?a/ 46053,2,3000315,%.25626042,

.23"_()‘{;3';1.“()"09(393'08’«}31./32‘}g
| CHGOED 2
02370103, =.20B89602,e 042072324/

c200A315,

W 25626542,

CONSTANTS USED TO COMPUYE BELLCCGH! TRANGFER FUNCTION




[a el aksl

[aNala

[a W a)

DINENSION BCHCIE 52021 /76124800802, 00,11e891125E02y
75037 0103C 0t c L L2670 00,cl 070001200 e REAGGATTE N,
llevcllZSE“3t75059?l£‘£~wp025/367[ (cUcpﬂooﬁce

110901 20Eed 70,392 080001003071 G 0e e n032014230w 290,
11991125 ¢€ "397553? > Y0 LR (‘»501‘;/‘:’-{';7{; sGe0e gﬂo ;0[;

PO LLIZEE A TH RO CAT L T 3T L H(cnf*’r/73 el

e 2376300E 15911258 ‘3gi5¢;%'133£n6.01“ 207E0G:Uoy

o76l2qdbﬂﬁ‘dpﬂogllooq 1125Ee3,
750392lc‘56630l563575“6 ¢00,p0107500612E] e ANHHBRAPFE G
ll'9?11255‘-‘337553r2151[‘uép;lﬁ()u :;7150(,909 .Uchoy
116991 120E03675039210380b,01863467E08 900, ¢592301436E2,00,
11991125 C“307u9w92153ua6°91t‘36/r06°00.ﬂog003
1169911250 02,70. 7”?18‘r”uncl¢GU¢7r"6tno00833570725"°e
OZ37(‘»3”6E”‘):11(“7§11&&'3"."":/5&‘3‘ S RUKI TS R N SETEAL 0/

DATA NCHAﬂllHﬁclﬂﬁgIHC;l}Dril7,1”'¢1VF;1HH91H!;1HJ,!HK,
THL ¢ JHE s Lt IR0 P o LHO g THA RS T ( DRU G LRV g LH  DHY
lHY ; tH2/

Ed
DATH TITLEZCPIOIS o0 E0ToPi0 e pU0Le;sP100% %0 1000,

$
OPOOQ‘,'D“COOCchLFlcgtquFIFECPRFI"VUrRFI‘,
TR AN R VIO SN eR W o QPSS 150 Bl (L PN (24 G CIL PR LA g (N CR
vr:rufr%briftvcsxwusc;fr;szfxnfz:t'x'~<=-
AN TSR SRS RS I N INUNS S IR SULIMLYS R
wxlﬁezc;vnfzeyIyztt‘zgcttxjﬁc‘ci.r‘t,“ DY
N N R B RO I AN I CRL B G S V4

THIS CALL YO CHATNY PREVENTS A REWINDING OF THE FLOT TAPE
BETWEEN SUCCOSSIVE CXRECUTIONS OF THE PROCGRANG

CALL CHAIHV{L D)
CALL CANDAV(D3H)

GRAVITATIONAL COMSTANY cce
Guapbol B IN/SgCoc?

ROVODGETLG0c /3o ll1G927
THOP 1020021 10GAT

RELD (L RUNS)

DO 2% InUis Nyl
LF/\[( !‘1: Ul’
Ir(I(ECOcCIQL c(J)CO T0 2546

DETERMING wHICH TRANSFER FUNCTIONS ART 70 GE USED

IF(KEBCTFefQoD)CGO YO 4§

PO 3 U=l e3

DO 3 [u}e2

DO 3 Kele2

SK(Je I e KB CHSK(Jpl oK)
DO 3 Loul,db :
ClLedslsKIaDCHE(L, JeleK)
GO 70 ’ﬂ




4y

34

oy

[alNaNaNe] [aNa) [ala} [aNaXaXal

[aNaEaNaNal

[a¥e]

D0 44 Jul,
DO 44 lulgZ

DO 44 K=l 2

SRAJe LR aSu0d 1K)
DO 44 Lnl,e
C(Let'olsK)“Ci(Lgd;loK}

[

WRIYE DS, 10)
VRITE(O,,INPUT)
WRITE(6,CSK)

f CALL ACCUNM2(SLA LA VAD)

DETERMINE THE NUMBER OF TIME POJNTS FOR WHICH SOLUTIONS ARE
DESIRED

NTe(THAXTHIN)/DTLe

CALl CLOCK

DO 25 INTsl KT P LOGES THioUCH TIKHE
TELEHTEDTC(INT~ 1 ) ¢THEN

IF KCECO: 0, THE CENTER ENGINE 1S CUT OFfo

yepoeo: o
LEQTFEONT LT e VOLTOYHLRCO 1}

OO T AL SUCTION LInD, PUNT ¢ ARD yArSs 0L, Fen CURRERT FLIGHTY Tliice

CALL DATALYFLEHT ¢ AS0  ASE MU eD Ty e B PVCD L, PVCTH  PVCE
KCECO e hi e PNCH N0 T o HTO T PAOL [ PAFGNHOCROCOF oY, CF g
SAIPVOSA)

KA 1S THE ELASTANCE OR STIFFNESS CF GAS IH THE ACCUIULATOR.
DO 1 Kn}je2 )
KAQLoKIuSKA(CL K)0PAOSIR)/Z(VADLL (K)YoRHO(L K ))
KA(Z2 oK)} SKA(R o RIGPATSIK)I/Z{VAQ(Z KYIIHO(ZeRDY)
OV AIN STRUCTULAL DATA FOR THIS FLICHT yIN,
CALL STRCY2(HTLENT (TCRCOCHGRA 20V A P YO HYE s a0 Q)
I CoUbTe T1F FRECUSHCIES FOR GHICH SeLUSIGHS ARE ORTAINED
Fon THIS FLIGHT YIHGe
ICRS CQUNTS THI FREGUENCIES CORKUOPONDING T0 ZERO PHASE CATHNS.

Ioy

[Cnrss0

DO 17 MOz} ¢HFRANC 3] LOO{S THROUGH FREGUENCIES
DDOMGADDONGAIND)
OHECA(I)L‘OH HHN(”O}

suBy DEFINES THE COEFF!CIENT HATREX ANb RETUNHS NUNMERICAL SOLUTIORS.

CALL 5UCD1




o n

[aNal

(a]

2N aNalNaKal

&1

62

83

SUb 3

IF 1

RETA

Dofs

HAVE

IF K
S0,
AT

-. 25 -

TR LONCARN(H0Yc0BCARIINGY o T el 0 En20 ) 11D
AD Sul4 SVORE SOLUTIONE FOn poIdaTiNe ANG PLOTTING,

CALL SsULD#
IFCIRDPHT EQe2)CALL SUD3

NOuls ALL SCLUTIONS HMAVE BEZH OSTAIRED FOR THIS TIHE.
IF(INDGEQe1)CO 70O 17
IN THE VALUE OF THE THRUST oUTPUT AND ITS ABPLITUDE,

TOUTKPeYOrRNY
ALPKPergS(TOUTHR)

THE RURGEE O0F PREQULNCIES EXCLEDR Y& naxtiiune
FF (1 CELHNOUECAICD TO (6
Iepa]
OHECAL LI QMEGA({ T o) ¢DDOnCAeTNNROGGHT LY,
oo

AL FLROOUS oy ns ROpl Copntponens
IF(CHEGA{I Y LT o QHCGANN(HQ YL (Bl )G YO 7
OHEGA(T)LOHCANA (D)
THR=
CALL SUGY

SLCOuY FIND OUT IF THERE HAS CEEM A ZERO PUHASE CROLSINGG

CHANGE THE FREQUENCY SYEP SIZE AND DETERNINE YHE FREQUENCY

HICH 17 0CCUNS.

IF(RSLCOCEQeDCO TO 2
ALLEP A THAGETOUYKD)
PFenTieninnp)de2,e2

RLTEPeREALCTOUTIF)

IFANLT ol e Coc ALD e NLTR e LTeGo}CO YO 0N
IFCANPEE e LYel e B 2)60 YO 22
,F(I':["JS(i".ti'(,‘u'-‘f:']'//ﬂ':!r’f(u“”’.(r’cl,Tc!cE"E)CO TO €3

DDOHGAC L eiDOIIGA

1HO=0 ‘

GO Y0 6

IFCATOPRToLY el eRe=3)C0 YO ©

AFLROS (ANPRP/ZATOPRT=10) oG6TelE=3)C0 TO 81

IF(ABS(RLT) LT e} cE03600NoABSIRLTEP) LToleE=36)G0 TO 8]
IF(ABSCATN/RLT) ¢GY e o055 0RADSIAINEP /RLTKP) eGT e 05)G0 Ty
6l :

[CRSsICRS«

1 F




laNaNal

)]

169

STORE THE ALPLITUDZ (DB) OF THE ZERO PHLSE GAIIL AND THE FRECUINCY

OHF I X

PRINY

- 26 -
TE(AIN=ATRKFICL, 92,92

ONGCRSTICRG)uCHEGALTL)
ATCRS{ICRSYu2000ALOGLOCATONRT)
G0 TO 93 ‘

OMGCRS{ICRS)IWONEGA(TL=1)
ATCRS{ICRS)=2000ALUGLIO(ANPKP)

CALL supH :
IF(INDPNTEQo2)CALL SUB3

IF(IMNDEQc1)GO TO 17

Jeield

OHMEGA(I ) EGA(L e )¢DDOHGA
IF(ONECALTI) e LTeQHEANNING) o ¢Fel2C0 TO 14
OHNECA (Tl Y 0HGAETA (1)

IND] s

CALL SuUB!

DRONCAC DO ARG

1S USED YO OLTAIM THE MEXT LARCESyY FREQUERCY CORNCRUELT YO
THE ORIGILal STEP STZCe

ZL

OMFILeAEQDLONEGA(T) D0OREN)
IRDOF]
GO0 Y0 2

WRITE(620)
INDD

VRITELG 30 TFLGHTY
VEITECO OUTPUT)
ERITE (O 60

IF(ICRScEQ,0)GO TO (15¢22) InpinT
RO PHASE CRGESSINGS:

IF(ICRScEReICQ TO LCY

1CRG02:1CRS /2

PO 186 Ju1,1Ci502

JPIedelChRS&Qz o ’
IF{ICRS0202.E0¢1CRSIGO TO (§19¢22) s INDPHY
WRITE(OGLLI0)OHGCRSIICRS) (ATCRSLICRS)

GO TO (19422), INDPNT




C
C
19
21
e
’
C
C
C
22
23
]
C
C
C
235
23
[ ]
C
C
C
24
[ ]
]
[}
.
C
25
255
250
C
C
10
20
30
40
°
50
60
.
.
70
.
80
0

I
!

PRINT THRUSY QUTPUTS

VRITE(O4D)

JXHI/Z

JIRnJdnoezay

DO 21 lley, JX

VRITE(670) (LONECALTEodNod) o ATOUTI(ITCUNEd)
PTOUTI(IT~aned) AT0UTO(IIadnod) FYouv0(iiadlicd))eda0,y])
IFCUAACLE o IIVRITECO 00 ((0nalbanbd) e ATOQUTELI) gPTOUTI (VI
ATOUTOC(J) sPTOUTOLJL) pdsdihN,el)

GO T0 2233

PRINT ALL SOLUTIONS OF YHE SYSTEHN,

DO 23 JQui,10

JKo(yeellesel

JXXEHMIRO I 02,230)

WRITECH¢00) (TITLECUD cdoddouy)

DO 22 llal,l

WRITE (641000 0HTGACTITN pd (ASOLKPCELod) ¢PSOLEP(TIT 0 )y
- Judy o dXr)

PRINT TRAHNGFEN FUNCVION VALUZS

HEKE

VAN SN F AU I SRR AN T O BPY B PRGN M
00 7224 Tle) i
HI SIS NGRS R RN R SRR A SR NS SN R AN I EPI IR I

Jiz3 Qg '

NYQUIST PPLOYS,

IFCIRDPLY clQeD)En 7O 25
CALL FPOCPLYS(TFLGHT cRTOUTOCTOUTO el ol oS 20NCHAR,
Je2002032c92:172¢¢20
'BELLCONH PQGEO 2A ewvo THRUSY oOUTPUT
YInaGgINARY PART QF ToUT
'*REAL PaRY OF Youy

Chtl. CLOCK

CiLl. EOQFTVY

GO 70 206

WRIYE(OH Y2037 CECO
Lt EXTY

FORBATLLHL)

Fonrmavely (enubinhn FOPRECUORCIES EXCEEDEDC)

FORBZTLEML o TIHE O0F FLICHT cec ¢clP0cdt SECGHDSE)

FOORNMATCOIHO LN ¢ 2( ' FREQUONCY SR 62ENR0 PRAGE CRENC¢ILR)/

tH g3x;9(HZ)Dlexec‘DG}°cZch°(HZ)lefXg°(UD)C)

FORBATOLH oF11e0s7X el 0ol0 ottt ol 1ot 70 ELEel)

FORMAT(LED  2( 1A, e FREQUENCY g IBN Y TI0 g LON 9 TOPRNT Y,

s JOX)ZEH 42(¢AXNe v (HZY P 40Xy

‘ALPLITUDE PHASE ANGLE AIPLITUDE  PHASE ANGLE®,241))

FORMATOLIH LOPF 1 eBedNedP2EL oY ea Rl P2E o33N
OPFLlyaSe2RelP201 e el el PREYL )

FORVATOLH oGGRoOPFILoS 02N g PR i 2R IP2EY o4

FORMATOLHD ;3K s PFRECUENCY o1 EN A0 e 3(22R ALY/ H p6Y 0 (LT )0




. | THU{EAHPLITUDE PHASE ANGLE®,9X))
160 - ! FORMATOLH ¢FLloSefdlei{IPAEL ofe0))
110 FOaNLAT LN pl,\;'\‘}llc'py};br'(lcn)
120 FORMATOLH eTCUCOu?gF Ll oy
: . ¢ 15 HNOY coHJL YENT WITH CURRIly SyanDUIPE REIGHTE)
c _
d SUBROUTINES ocecr
c ‘
C DEFINE THE SCQLFFICIERNT RATRIN AND SOLVE THE SYSTEH eceo
C
SUBROUTINE sUBI
; ONEG=ONEGA(L)eTHOPT
i CiLL PHRTYRX2(0MEGsP ¢ NRPNCP)
1F{HPRNT.EQ,0)C0O0 YO 104
WRITE({G6,102)
DO 101 \,-'PLgNﬂlo
101 URITE(G 102D P (dedd) sadet (NEP)
102 FORUAT I 20X eBASEC LIHEARIZED POGO MODEL 2 COEFFICIENY
o BATRINEZIE (FR0OWLEY)
103 FORMATL/Z/Z 0 122X 8 (LP2E llelhud AnyelP2C b ctigtdty
[} (1"' l“’olfur.llt’;g’dcp:ixbl Cxloq("‘;':‘,," ’.PZEIIQ‘}['J’;
. : 3% 1020 et vlf¢3k@1P2511»h;"°)>
104 CALL SOLVEQ(DeNRP gNCP o AND (PHEANR)
10rnnTw10u7cKIFO’c ToUT
IF(KCiﬁPw??;!)iolﬁﬁef'F;ﬂiLTﬂlf}‘T(S;Hf&)éﬁcﬂﬂfrflé
. L B IS G R RE AR R BSOS S VR IV S ORI SRUN S LR S TCUT
Y W C QT NN I A T PR |
RL”"FL!(TO.Hfl)
ALEcATEAGETONIINT)
REVUIH
C
C
C SAVE VALUES OF ThE AHPLITURES AND FLASE ANGLES OF SOLUTIOHNS OF
C THE SYSTEL eoo
C
SUBROUTING SUB3
DO 301 Jdoy) 26
ASOLKP(TI ¢ J) AP ()
304 . PSOLEP(I ¢ 1) :PHSANG(I)ORDTOLG
RETURAN
c .,
C
C SAVE VALUDS OF TS $RAUST QUTPUTS A0 Tl ENGINE TRANSFER FUNCTIONS cc
C
SULROUTINE SUn4
r901z {17y flip(ey)
PSOLITE LY p 37 ) PHSANG{IT ) oRDTODG
ASOLER (L e Yo ATOPRY
PSOLKP (I 2000
IF(ASOLED (T 301 eGTol o Feod7PSOLERL 30 TANZY
. AL GRLTYeRDYODG

COVulOHEGA(I)eTHOPIY 02
DENOI AP (22)0COY
DENOMZSANP (25)0COY
ASOLKPUI¢39)unlip(3 )/DENON]
ASOLEP(1.4010Alp (7 )/DENON2
ASOLKP (I A1 AP {13)/DENON]
ASOLKP (I 4z aflpP(LO)/DERONR




PSOLRFIT:39)1u{PHSANG{ZE YeP
PSOLVF(XQ U)H(PUHI{G(?
PSOLEP{T ;4 adPpSAMIia).
FaOlle(Ig“z)“(nr“f.’u‘:{l

SAVE FOR HYCUIST PLOTS coe

on

RToUTO(I Ry
CTOUT (I )ualH
RETURHN

END '

SUE

; . l._—.
)

HESAKG(Z22))oRDTODG
YeRHOARG (2D e RDT ARG
*?C(Hﬁ))“ﬂﬁ?ﬁﬁﬁ

NGEaHY)olbtong




RFCR ST
TITLE
AUTHO
DATE

PURPO

CALL

INPUT

ouTPuU

(@]

OO0 (eXe! (@]

(@}

OO0 OO0

_30_
POGSIC . ACCUM2 s (ACCLZ2
ACCUM2
K C.F. DANICK
9--9--0(8
S SUPPLY Thi AT PROGRAM 190502 WITH THI VALUES OF

VARIALLES PERTATHING TO THE AZCcuMULATORS IN THE LOX
AND FUEL SUCTION LILES,

CALL ACCUMz (HFAfsLVp)

THROUGH CALL LIST ...
HF A CHe IGHT OF FLUID Ity THE ACCUMULATOR (IM).
T THROUGH CaLL LIST ...
L THE PRODUCT OF THE ACCELERATION OF GRAVITY
ALID THE 10 FRTAMCE OF FLUIND 1M THE ACCHHUL LT OR
(le/l”)e

VA © VLU OF 6AS I THE ACCUMULATOR (IN<%3) .
EACH OF TpE THRIELE ARRAYS ADDOVE IS DINENMSIONHE:)
2%2.  THE FIRST SupSCRIPT 1S FOR OXIDIZER: FyfL
AR THC SO O THaafRn; OHTREARD,

SUBROUTINE aCCUMZ (I AL s VA)

REAL L(ze2)

DIMENSTOH HFA(2:2);VA(2;2)faH(2:?)rH(Q)rA(Q):D(“)

HEIGHT OF FLUID IN THE ACCURMULATOR (IN)
DATA H/0cr 1713920 5013p8,85012,095010,48¢18,22,19.77/

CROSS-SECTIONAL AREA OF ACCUMULAYOR AS A FUNCTION OF HEIGHT
(Ihn2)
DAT[\ I\/.lﬂcEJf3000'18’1902350 ?289; 92813" '?OE}@'JVE()OEL-LQGS/

Goi8G. 4 Q Ih/SEC#+2

LIS THE JMTEGRAL OF THE RECIEROCAL CF THE CROSS-SCCTIOMAL AREA
FROM 0, TO HFA,

VA IS THE IMTEGHAL ©F THE CROSS-SECTIONAL AREA FROM HEA TO THE
TOTAL ACCUMUIATOR My IGHT,

METHOD ... SIVPLE SUMHATION OF TRAPLZOIDAL AREAS

DO 1 Iz1,9
B(IN=1,/A(I)

DO 8 K=1,2
DO 8 10F=1.2
DO 2 11=2.,9
1=11

EN——— S T




[S< o]

-.31 -

IF(HFA(IOF »R) LLELH(IT))GO To 3
CONTINUL

SLPZ (A (1) ~A(I=1)) /(H{T)=H(I~1))

AHCTOF (K)ZSLP (HFALIOF (k) H (T=1))+A(T=1)

VACIOF (K) =S4 (HET) =(FA(TOF s K) ) (A LT )+ AH(TOF 4 K) )
IF(1.,EQ.9)G0 TO 5

DU L TY1+8
VACIOF s h)ZVACTIOF pK) 4 S (H(II+1)=H{ID) ) (A(IT)+A(T141))

SLP=(B(1)~B(I-1))/(1i(I)-H(I~1))
Y=SLPx (HFA(IOF 4K)=~H(I=1))+B(I=1)

LOIOF s K)Z oS+ (HFA(IOF s K) =H(I=1) ) (B(I=-1)+Y)
IF(I.EQ.2)G60 TO 8

Ive=1-2

DO 6 TIzi,1i2

LOTOF 1O =L CI0F ¢ ) 4 e e (H(T T4 1) = H(TI ) 2 (RAIT) 2R (IT41))
CONTINUE

RETURN
D




Lt - 32 -
PFOR,S1 POGSICeDATA:eRATA
C .
C VITLE DAY A
C
C AUTHOR CeFs DANIC
C
C SPONSOR Ae To ACKERMAM
C
€ DATE Gebub8
C .
C PURPOSE CALCULATES SATURN V SUCTION LINE, PUMP, AND TANK DATA
C AS A FUHRCTION OF TIHE.
C .
¢ METHOD EVALUATION OF ANALYTICAL EXPRESSIONS AND LINEAR
c INTEFRPOLATIONS gM EXISYIHG DATA,
¢ .
¢ cnlll. CALL CATALTINE g h O AP iU Dy TH DepVCD  PVCTHPVOE I CL L
C ApPVCksHOsHF:HTOcPWIo-f0>ant cPHO CBEOCLF gV CF (SA PVCFA
e
C INPUT ALL IMPUT 1S ThHpOUGhH THE CALL LIST ecoe
C TINE FLIGHT TING Forn whLon The DATA wILL g confuvgh
C (sEC),
C AOQ o F PUNT INLET AREZA FOREACH OXIDIZER AND TUlL
C LING (Iiee2)e  ynani pfRE calLod ASO and 88
C IHoihs nte rpeo s fpliont
C KCECO 1F rfLCOuU‘ TR0 cenTEn RRGiiy 1S CUT oo
C OV lione Yo, HKOuae e whoonllus of Wopco 1o
C DE\LRfIhED 1N epQanst,
C FOR A DESCRIPTICH OF alll, 0THER LHEPUY VARIADLES)
c SEL fpOGQAT . ,
C .
¢ OUYIUY ALL OUTPUT 16 TrROUGH THE C/lL LIST, SE i OCOne FOD
C A DESCRIPTION OF ALL OURPUY VARTADLES
C
C SUBROUTINE TAGLEB PERFORNS A LINEAR INTERPOLATION
C USED
SUBROUTIHE DATA(TINE ¢AOGAF (BUD TH EPVCDPVCTH  PVCE,
. KCECO ¢ AoPVCA O HE (HTOeTE (PAOS PAFS RO CROCBF oV,
[ CF;SA{.F\-’Cf.f‘,)
c ,
REAL hO(/)¢P”(3);HTO(Z)‘HTF(Z)cLXHSVTL?!G ) p KK
C
Glnrraion fo(xkﬁﬁrtzzrhzeoz)fnt¢32;.vh((;2); {¢.2).C02) .,
. REQGP o2 020002 {LOY(H)LP/(“(Z);PAFT(Z);CBO(?},f[.(u)g
. V02 ¢ CV {2 el il ez )epi-On (()“Drh\i‘.'f’((;)"l‘i[,f“q[‘('-)‘ :
. Lrh‘V](‘);!lhﬂ“'(V)e
. BTOVYLALL7 ) o VOLOHTOLZ ) s HTFVYLLCLG Yy c VOLFHT (IE) 0T (2
° OPOSVTiFH)gTO“Of(L.JpEPOSYTéz.acn. QSO ChOVPSLI0n) e
. POSCEOOIO} CHPIVE(R)Y  COFOVP(G) T 1(1@)‘.9(1-)5F3(1029
’ POSCLF (D)
. ARELYE) SOSVTPRLG) o THESOS(G)Y (ORTPVTLI0} 4 TTERT (LD )
. TAVYMPOLO) AVIPVYTCLIOY ¢PYCE(Co202) s PVCTHI(Z, 202,
. PVCAL2:2:2),PVESA(2:2:2)PVCD(2,292)
C
EQUIVALENCE (THPSOST{I) s TPDNS(L))
C
C TEMPERAYURLE USED TO COHPUTE LOX DENSITY (DECRTES RANKINE)

e o e et e

DATA TPDIS/60el 62065 elﬂqopléqc=ax)replé-03/




(@]

(o}

t
-

$
1
LOX DENSITY V3 TENFERATURE (LE/FTena) g
DAY A DHSV.P/Ee¢/!e:2271clﬁ;71007070o9¢,700?1/ !
TiHE USED 70 CONFUyE HAasS (S2C)
DATAL THASS/Doed28650l18) o/
.04 MASGS Vs TIND (1.6S)
DATA lrug\l/ 060 eLa 702"l al
FUEL MASS VS TIME (LBS) .
DAYA FLMSVT/13250E302150E3,91e£E3/
TIME USED TO CONPUTE AVERAGE TERPERATURE OF THE LOX (SEC)
DAYA TAVYNMP/170,06,33009200,20c:40645 00 p00s70643006,%905,
1000ﬂlzocﬁlhocv!?DOIIHOcﬂltJLQ!J!O/ i
LOY AVERAGE TEMPORATURE VS TINS (DEfRELS FABRENGETT) i
DATA AVTRPVYT/ZLT7e w8078 02005 m20he00,295¢07 0255002 ‘
C20G Tl rzGh T2 ea0h et h (v AT Bl 2L e ETL e w2907
29813, 200600,0208c88 (2000640 20000
LOX BMEIGHT V& VOLULE (L1u)
ODATA HTOVYL s Lbe 900:.'.0(5zno;l;O(Ag-C-“c>§COcplGOO&lBQ;(EUUe_g
00 2N0: 7T 0 g Q0 20N 700 ¥ty i -
VOLULD 50 ¢colhury Loy hotony (b
AN \."Ui.[’i;.l/ln":oQ(]o[{_U.":.” c;,z\: |Urg},; ST e o2l UG ;
Ga6z003 e L0812 e 12020208 1C02YT c;3011°(z9ce ;
6720631120 7332700 0 (FELETYG .f'8q1(0e19o 0121800k, _ r
CICn050Ge/ plucold f
FUEL HEICGHY VS voLua®s (§1l) |
DATA 3'|Ti""u’\.’L./!L;c9009109:200;‘§Ocp.‘_,00¢000,ln[30915'(.|c 92U009 }
A500 0400 ¢ 450 e000640106/ DIN . !

VOLUNE 0 COWMPUTE FUEL HEIGHT (INucd)
OATA VOLIHT /l‘iveﬂoo‘}opllob 20510l 70980 20085600 81957900
6279'(7‘{;{"051()!r" HoCosll170R "( ¢ 2O27204G06 (0227500 ¢ g

Q700790 s GONEE, T C0Z00220 Y Copinooed

YOT Al Lon pULP LTRLEY PRESSURD VS Tinhs O S”’
OrLY# O:’Or’."'f/?.‘:‘ac././cbkql(('-f{\.‘.Cc[" Gl zf( e e 92020 ,92c5,
n‘;cnbr‘-flocl(.’?‘(‘ﬂln 'a! *’Onz"/c Ql.-((r7:10 llltgzl7c:

l/[‘fp’(..f.fral?. n‘:l'in(

TItE TO COLPUTE LOx FULP INLET pRCotull (Se¢)
DATL TORON /22 cc0orleel0ee20c 20080650 eDFecll0orlhoy
FOl0c o%0. 8000820065820 c0 b 120 e 120 16N ¢ 340 (MhC e
150ce18le/

YOTAL FUEL PURP INLET PRAESSURE vS VIKHE (PSIA)
DAYA rPOSVT/Z.’ﬁo.‘flo 2 H4302,042c25, G261 ¢H207560H2¢7D012c50,
§2625483e3c1307 “‘e-n“qe/a“’-ooul'r)o s Ol e 8boby oy
‘41969‘«!e79‘tle9e‘!1069’}09 e 06/ .

TiWeE YO CORPUTE FURL PUMP INLET PRESSURE (SEC)
PATHE TFPOS/23080c 208 co100020¢ .300;‘:000-’00950037001\80c.




[

NDOONN
fon]

(2 X2 Xa)

000 ;900 ¢ 000t 1008200 125c5;2253g!&Do:IQDcaIQECelﬁﬂ?s
1616/ :

TOTAL PREGSURS T0 conprUyh CUBOLE CONPLIANCE (TSTA)

"DATA Potvdn/9°°/J°DCJoe:aoplUL0.11”0e!uJﬁﬁlzoODIQOOVIEDQ/

D.li POLCEF /hoe3beslld008Ge D2/

pUeolt CoLe o NCl o vn PRESEUNT (filoeZ)
DATH COOVPS/9crcdbocllcol sel300073c060e05,c043,
«034/ .
DAYA CBFIVP/He1o0540048,c0%640004/
| DATA COFOVP/hegeB03500060;c00%0,0565/

REYNOLDS NUIDERS USED To COMNPUTE FRICTION FACTORS
DATA ARE/AL1D 42 cﬁqp'uCE‘io:)aEf};noE';e!gES:?.cEE';‘:oEﬂ,bcﬁSg
DoEnsl el ozcEbste RO G b6 CcFEc EY/

FRICTION FACTORS Fon 20 INCH DIANETER
DATI fl/l'o,oﬂ ‘0;(:0 (~;cn or LQD.‘,?‘:\.cUI‘;'O;00170‘00},50;
eD} 00l sponggcol(‘Oﬁbnllugvﬂllfsgonﬂl’icoﬂllo/

FRlc7ion FACTORS FonR 17 1HCH DIANETER
DAY A Fg/lﬁcaonzbngcﬂﬁfﬂgcﬂgﬂﬁc¢D1T5,0Q19Q990175,c01£0,
0160 i, 05 0120 (0122 ccl Pl NI eeGIlnY

Fnpicyrog FﬁﬂTO“ Ponope Tuoi pisncvin
Dl.-l\ilt /,"L((st /;:[’f.’l;c[.!f‘l.'.iic'_‘(1‘:1154-5(‘[1[.?1,9cUlL’.‘}gr_‘(,‘i}';o
00172500X4,chl/UceOIGL;oGILZchbﬂib/

LOX SPEED OF

SOUND VS TELPERATULE (¢1/7508)
DATA SQsVYTP

/et 2o p 2082, BTN 20T e 2RGE/

LOX TENPERATURE v& TIHE (DEGRECES fAnuLt:E! )
DATA 071:V]/9¢pn?.u G w28 lodBpms%0e3,°2906253725602,
©296099250cb 298029506/

TIME FOR LOX TEHPERATURE (SECH :
DATA TYELY 909“095005[:09p?ﬂcpnn‘,a!ﬂﬂc:!20cgl‘§0L¢151c/

Plcalcl410C27 .
G300 el N OIN/SECee?

CALCULATE THE CRDGS-GECTIONAL AREA OF EnCH SECUERT or TiE
SUCﬁEOP LIRS A0 7l Pvers (litec?)

DO & Kulg2

DO 6 1%ies

AlL o} elCeploDil (KYCC2

00 4 Jul¢2

DO 4 Ju} 2
PVCA(!onK)UGZSCPIUPVCD(I,J°K3002

FUEL PUMP IHLET TEKPERATURE (DEGREES RANKINE)
FYENPRS34,

CALCULATE THE REIGHT DENSITY OF THE FURL (LDS/INcc2)




[alal

[al el

(aNal [aNaNaNa) alalal [aN e

(oW a)

RHD(Z2: 1) (62020002300 (F !f;n ahh0e) /YT L'
REQ(Z2 210251

LREES RARKINE)

LOX AVERAGE TEHPERATURE (L.
VIPVT o YAVT D o T Hig ) et c

OXANTPUTALLED(A

LOY AVERAGE NMETTY (LB/INeceR)
PHooAv TABLEB(ONSVTP gVPDRS ;0LAVYD) /1728,
CALCULATE THE PROPELLANT WEIGHT PER URIT LENGTH (LEBS/ZIN)
DO § I=1,.2
MO(IYeREOOAVOAD(T)
MF(I}eRHO(2 . 1}CaF (]
I (TINE cLT THASS UL eOReTINE OTevIAGSE 3))CO TQ 16
DO 2 %2423
il
JFLTINEeLEcTHASS(1))ICGO TO 23
CONTIIUE
LINEAR INTERPOLATE FOR LOX AND FURL BASGES (LLES)

CN S AR S R N I R R
COpr (TRt ovn ooy vy

OXBGCONO LY ONMT I )b iboV Ty e, viiZyy (llal)
FLuoCORe(FLnsYT LI orFLbsyT (il y) Lh~wﬁlll‘1)

DETERNMINE LOXN ANRD FUEL VOLUIES (INced)

VOG(O;\“‘ ‘.0( 11 [ ’ /lh;»[‘of\
VFu(FLNe20005 ¢ /RHO(Zs1)

DETERMING LOX HEIGHTe
HTOXeYADLEB(HTYOUVL VOLONT VO)

DEYERNBINE PRESTUNE PO UNIT ACCCLERATION AT TAHK BOYYO{S (L.DRSe
SECac2/1Nce2) :

HTOLZ)oHTOReRBCoAV LG
HTOXCHTON 8ol
IFCHTON L c O dtiv 000
HTOCLIoHTONeRNO0AV /G

HYF L) T ACLEDLHT VYL g VOLFHY YT cRHQ (¢ 1) /G
HIF(Z2)enTE(Ld

DETERMINE THE FLOG RATES (LBS/SEC)
DENOHMolio¢RKCECO
QT (1)meBe(LUKHSYY(TII ) LAHSVTY (1)) /(DT DENDI)
QT(2)8c¢CBo (FLHSVY(LI=1)eFLUSVT (L )/ (DTYCDENGH)

CALCULAYE THE TOTAL PUKP JINLET PRESSURE (FSIA)




o n

(]

[l

e aKel

o~

PAOT (L) oTADLEBIQPCSYTsTOPOS, TIHE)
PAOY(Z2)uPn0T(l)a2,

PACYT (S Yy o LEC(FPGSY T Ty PO YLD
PAFT(2)oPAFT(1 0265

CALCULATE THE~BUBBLE CORPLIANGCE OF THE FLULIDS

CBO(L)TABLEBICLOVPSPOSCnOPAOTILY)
COO'T TAGLEDICEOVPS P 0aCio A 7L2))
CBF(1)CTABLEDB(CLFIVP POSCRFsPAFT (L))
CBF(2)STACLEB(CBFOVP POSCBF,PAFYT(2))

DETERMINE STATIC PRESSURE FROM TOTAL PREZSSURE

PLOS(LIuPAOT(L w100
PAGS(Z2)1 PO T(2) 100
PAFSCELIeP A (L )ele
PLFS(ZIUPLET(2)0l,

DETERNIRG LOY TEM RATURD AND DENSITY (phenlUues RN SRR O

INeed)
OXNTFHPOTALLECIONTRENT p TTENE 4V INE)¢Ao0e.

(ihoed)

RHOCL s Yo7 ALER(ONSVYP 7P 0ONS sONyERPIZLT720 6

REO()¢2)0fi0t el )

CALoUL/ims vhil VELCLITY oF TLUID i vnl gRCHLETS

DO 7 Kuilo2
00 6 1915
VI K)o QT O Z(RBO el Y AT KDY
VG e KYeQT(2)/7(RH0(2KICALOK))

DETERNING THE FRICTIONAL COEFFICIERT GF EACH SEChINT

Do 11 Iaf.éb
Idnl/6*}

DO 1l Kolg2
JeD (1l oK) ] 7 ¢

eoo CALCULZTE THE REYROLDS NUNOER CORNEGPONDING

REeGerQT (I /Z(HUCIII el TeD T olld)
IFEJY1049 0

eeo DETERIINT THE FRICTION FACYOD 0 THE SEChA

FuTalLED(F] ¢ ARE (RIS
G0 10 11

FuTrOLER(F2  ARE (RE)
G0 YO 11

FoTABLEE (I3, ARE,RE)
eee FRICTION COEFFICIENT

CFULsKIBF/(D(T el 0G)
CF(3$1)“CF‘301,¢005/3a60q

Hy

Y0 ThlSs

Les/

SHAAAS




(a2 g]

NnNOOD

CF{3,2)uCF(3¢2)0cD5/388c4
DETERIING THE SPEED OF SOUND IMN THZ LOX 4Atip FULL (IN/SEC)

(11l 2e e TABLED(SOSVIPyTHPG05 00 TEHP)
C(2)umC2ecFTENT2961E0:

DETERMING THE VAVE SPERDS IM EACH SECTIoN OF THE LOX Atip FUGL
LINCS ARD JR SHED FvCss (IN/SLC)

DO 14 K] 2

DO 1Y =12
KK=C({l)ov2c¢cRHO{I :KY/G
Jdelele(Jel) RJJol 6
JJddelg BJJJE b

DO 13 \'YJ\.'\..'QJ'J\’
SA{JeKIBCLINI/ZSORT (e DIk i/ (THIU K)o R D)

DO 14 Jul 2
PVCSA(doz9K)”C(l)/SQRT(Ie*?VCD(JcIgK)CKK/(PVCTH(JnIpﬂ)c
PVl (del i)} ¥ _

CONTIRUL

RETURHN

VRITOL g 20V INE
RLyUOl

FORBATILH ,STINHEOS FEo2,® IS QUTSINE TIHE RANGE®)
END




RFCRYSI POGS1C,POGPLT, ,POGPLT

CALL POGPLT(TFLOGHT ¢ X o Y o NP p HLs NDD  NCHARN p NCHAR s MOVER  NX, XL XR s
NY s YL oYU, TOPTTL SIDTTL,30TTTL)

WHERL =

TFLGIT = FLIGHT TImMg WHICH »ILL APPEAR ON THE PLOTY
X = THE X-ARRAY OF VALUES (0ORDERED)

Y = THE Y~ARRAY OF VALUES
NP - NUMBER OF (Xr»Y) VALUES

ND = DENSITY OF POINTS YO d¢ PLOTTED WITH DOTS
IF ND=3%, EVERY THIRD PAINT wILL 8F PLOTTED

NOU = DENSITY oF POINTS TO 3F PLOTTED WITH CHARACTERS
It THE HCHAR ARRAY
HNED MUST OF A MULTIPLE OF ND

NCHARIT = NUMBER OF pLLMINTS IN THE ARRAY HNCHAR
NCHAR - ARRAY OF CHARACTESS 710 B PLCTTID

NOVER - IF 1OVER=ILe A NEYW FRAME IS PLOTTED
- IF [IOVER=2, AN QVLRLAY OF THE PREVIOUS FRAME 1S
PRODUCED (IF HOVER IS 29 THANM NONE OF THE
FOLLOWING ARGUMENTS NEED pb INCLUDED)

NX = IF MX=1, THE PpOGRAM WILL USE XMIM AND XMAX T0
SCALE THLE A35CISSA
IF NX=2s THE PROGRAM WILL SEARCH THE X-ARRAY FOR
THE MINIMUM AYD MAXTMUM VALULS

XL - VALUE TO BE £SSIGMNED TO THE LEFT--HANND SINDE CF ThE
GRID(ABSCISSA) (IF ilX=2,» THIS IS A DUNMMY)

XR - VALUZ TO BE ASSIGNED TO THE RIGHT-HAMD SIPE OF, )HE
GRID(ABSCISSA) (IF NX=2, THIS IS A DUMY)

NY = IF NY=1s PROGR,’\“ WILL uSHE yMIt AMND YA TO SCaLE 1HE
ABSCISS
IF NY=2.» PROGRAM v Il SEARCH THE Y-ARRAY FOR THC
MINTIUM AHD MaXImum VALUES,

YL - VALUf TO RBE ASSIGHTID YO LOWER BOUNMD OF GRID
(ORUINATE)Y (IF NYz=2: THIS IS A QUMMY)
YU - VALUE T0 BE ASSIGNED TO THi UPPCR BOUND OF THE

GRID (ORDINATE) (IF #Y=2e THIS IS A NDUMKY)

" TOPTTL ~ A 48 CHARACTER LABEL TO BE DISPLAYED AT THE ToP
- THE GRAPH.

nonnnnnnnnnnnnnnnnn.nonnnnnnnonnnononnonnonnnnnnnﬁnnnn‘nnon

SIDTTL = A 48-CHARACTER LABSL TO BE DISPLAYED ALONG THE

o ey g

e = T g e g o



OO OO0 O0O0O0000

(@]

lo

40

(@] (g (aNel

ORDINATE AXIS

BOTTTL -~ A uB~CHARACTER LABEL TO BE DISPLAYED ALONG THL

ARSCTSSAa

IT IS ALSO RECESSARY THAT A CALL 7O sCAMRAV® yITH A DUNY
ARGUMENT ' ( call. CAMRAV{935) )
LE MADE PRIOR 7O PLOTTING A SERIES OF GRAPHS. AMD A
CALL TO *EOFTVY BE MADE AFTER THE PLOTTING HAS BELN
COMPLE LD

THE PROGRAM USES A SURKOUTINE (RETURN) THAT ALLOWS THE USER To

SHORTEN HIS CALLING SEQUCNCE ON OVERLAYS, THIS ROUTINE IS
AVAILABLE ON $whK.. (UNDER THE rIAME FOR5AL/CODE)

TAPE REQUIREMENTS (FOR UNIVAC EXZC II.)
(1) $SCPLT UST BE DROUGHT ONTO THE tPCF1
(2) A MESSAGE sHlouln BE DISPLAYEND OF THE ORNHER
' I (NAME) NEED A SCRATCH TAPE THIS TARE wILL BEC
A PLOT TAPE, ANMND 1 SHALL pLOT OM ITe

(3) ASSIGH n TAPE To vJe
(v7-8¢7 ASG J)

() FILL Ul 4 PLOYT RLQUIST PO (EstTimpvn siiigt e G
PLOTS)
R L T R e e e A I T SRR R ¢

SUBRCUTING POGPLT(TFLGHT » X e Yo NP e HD s MDD ¢ HCHARN » NCHAR .
MOVER ;X s XL o XP MY s YL o YU TOPTIL y SIDTTL  POTTTL)

DIMENSION X(1),Y (1), TOPYTLL3) »SIDTTL (R BOTTTL(A)
NCHAR (1)

IF (NOVEK .G, 2)60 TO 100

IF (X, Ee,1)c0 TO 40O

CFIND MINTRMUY AMDG MAXTNUY OF X-aARRAY

XMIN=X (1)

XMAY W (1)

NI

DO 10 JaHI Py iD
XMAXZATAX L OXMAX e X (J))
XMINSANTNLOMINGX(J))

GO TO 41

CONTINUE

XMAX=XR
XMIN=XL




OO0

OO0

OO0

OO0

ql

a9yl

100

CONTINUE

IF (Y L6 1260 TO 60

FInD MINIMUM AND MAXTIMUM OF Y- ARRAY

YMINZ=Y (1)

YMAX=Y (1)

NIz=ND+1

U0 50 izHLenP D
YMIN=AMINL(YMIN Y (J))
YMAX=AMAXI(YMAX Y (J))

GO TO 6l

CONTINULE

YMAXz=YU
YMItizYL

CONTINUL

SET UP SCALE FACTORS FUR AUSCISSA AHD ORNDINATE

PACRRRE A SR NSRS SRR R RS

Kb Ao b G YA

IF (ADS(XMAX )Y ~ARS{ATINY Y2 e 10 1
XNAX:AMAXl(,laX“ﬂX)

GO TO 3

XMIMNZAMINL (=3 XMIN)

YMIMaXMIN

YLK XA X
WRITE(G: QU ) XTI e XA e Y Tide YHAX
FOrMAT (DX 4716.3)

FORCE LABELS TO BE IM SCIEWTIFIC HOTATION AHD LIMIT TO FOUR
SIGHIEICANT FIGURLS |

NXX=--1}
NYY=-l
DXz}
vYz,.1

GRID

CALL GRIUiV(HOVE3yXNIHrXWAXcYMINpYHAXrFX;DY,wO,"O;~1rwly

HXX e NYY)

WRITE LaBCLS

calL RITE2V(S0,1010,1023,90,108¢1eTOPTTL,NLASTT)
CALL RITE2V(10,3051023,380¢1,8R8,1+SIDTTLNLASTZ)
CALL RITE2V(90,10¢1023,90,1,48,1,BOTTTL,NLAST3)

CALL PRINTV(~12,12HFLIGHT TIME=,510,0)
CALL LABLV(TFLOHT»600:0¢501,3)
CONTIMNUL

PR ————



OO0

[oNeNe!l

[aNaNe!

200

uun

PLCT POI

pRaw LIN

NTS

CALL ARPLOTV(HP, X s YDy MDD e Loty IERRF)

CALL APROTV (NP, X YetDDy NDD e MCHARNHCHAR 3¢ 3, ILRR3)

ES SETOEEN THD POINTS

IXI=ZMNXVIX(1))

IYIZNYVIY (1))

NLP1=ND+1

DO 200 J=NDP1,yNPND
IX2=NXV(X{J))

FY2=NYV (Y (J))

CALL LINEV(IX1,IY1,IX2,1IY2)
CALL LINEV(IX1,IY1,IX2,IY2)
IX1=IX2

1Yiz=1y2

wRITE OUT £RROR VALUES

WRITE(AHsQ00) TEKRPIPHLASTL  NLASTZ »NULASTS
FORVAT(Y 1 T10,'1IERR3z 1,13,5X%

. CNLASTI p T2, 9%, "HNLAGT 221 4 13, 5Xy tNLASTZ20 0 13//)

RETURH

ED




RFOR,.S1

(o)

C
o
C
C
C
C
C
C
C
C
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

[aEa)

TITLE

hUTHOR

DATE

euUTIuY

SURouUT Iy

uoop

Pz

FILL THE FIRST

POGS1CoPHTRY2 ) s PHYRNZ
BELLCONN 11 POSO 10DTL
CoFe BANICK
9ot s

DEFILE YiiL COC
HODELS THE

CALL PMTRXZ(OHEGA.P;rRP.Ncp)

THROUGH
OMEGA

catl LIST o090 .
FREQUENCY FOR
(RADIANS ) ¢

conpriciaty

THICH

HATRIX

OpoThe LInCAR
GHOHMENQOH

Cy s T
J'till-f&

THE MATRINX

NRP g NCD THE COL“fIrllﬂl BATRIY 1€ DINMENSGSIONED NRP X
ALL OF THE ROpAINING VARILOLES ARE SUPDLIED

THROUGH vy COlDIOH ULOCK iplH2te A DESGRIPTION OF alL

YHESE CAN BEZ FOUND I1 THE nAllc pROcuAN $P0G02%,

ThHoough CaL L [IST e Co hd )

P THE HaTRIN OF COZvylCIENTS DEVINED FOR Onk
FLIGHYT TInE ApD on FrECUONHCY ¢

AN DEFTExn ThZ DavitCnd ulin 70 Gopib vhg By
SUSKN ANLD SUDHS AL Tevohnale pOUTIRIS VLD

MULTIpLY AHD ATD

SUBROUTINE PHTRYZ(OHEGA I ¢NRP

Porarsoa
i thg

CoOnPFLEN ¢

CON(2) e OHEGYZ NG (2

Y710‘292929.{’QY\!71(|
}

TEHP(262) 4 Y71(2,2

? (l"'r'g“ )}‘5;
2

CoLRC
REAL KALHTOMTF (LAGHP e HOGHF

16 SHARED BY pPHYNAZ ARD POCGTe
conkon /00
CL{G 2 ¢Rn0(2emy e VL&Y LI(?
BEvA(Z¢2) gul it
AR Il’(??[ "rf'(s

HP (L0 2 o700 0 2 BT LD

yuo ¢cOHPLEX

"'/C;({((Jp?’n\'({Jc()(P/(L
(
-91)clo’(ﬁ)ct‘fcf';l(r‘(bore»r)( 20 ¢ WS

2y Neobilaein) ghiy !

2h2 HATRICES.

chF)

COLe Sy CRPs R D20

)gYn\f,CL(2 ?)g\(?pf_‘.t?’ovl‘(d049)’.
792 2)eYVN 0\'(/5?)."[J1P|1(?°2)9
.

5-”}"f)((ﬁ?’-5!d (.EB)[
2) Az e2) MLPHAELZ 20
Py

C(Csivc-cz)g-u("g? 2% el SehiCnOtzY Ol (f):f:(‘(?)p[u (2)¢

HFJ f‘H(("L(/c:A“;)

PV

PVCRS(a2) .
20202) ;,nf\c}i.’.;i(ﬁ{flt,p.:le

S=CHPLR(0c ONECH)D
DGTORD:201415927/1000

DO 1 Is], yNRP
DO 1 Jrle¢NCP
Plloed)Es0e

12 ROVWS. (THRU

STAVENENT

]

60}

vHIC

GV

2) V(2

WILL BE OEFINED
[N ok A

OF

U‘;I 9&‘”“25

PV(‘CVG{'W\Ihl(éOZ)[r]¥CAl(2 2‘7).




. - *“3-—

C PVC BATRICES coo0
¢ CALL PYCLOHECAsPVCGL s PVCAFVESH FVCT ¢ PVCRS PVCSENCeH0 0
R HE g RBC2A Y710 YWN710)

2 ACCUMULATOR HATRICES o0

¢ 00 3 K=}ly42 B LOOIS THROUGH JHEOARDs OUTLOARD

¢ ; DO 12 IKoj,2 ® LOOPs THROUGH OXNIDIZER, FUEL
IJotioJ K}
YKrle/(rA(lr,K)/S<S°lA(InaK)/G)
CONCLIK)aenNHO (IR KISSLALIK ;K eYKpSc02/G
Yllelalddenonlo
Y(2;) pldioyy

12 Y(2e200)uim)o

C

C ACCURULATOR ALl NMOVION HATRIGES ore

C
Y (ZpleS)aCoR(LyeTALK)
YUg2e2oeh ool ye(le=TALRY))
Yiug2ele)ugon(s)

C

C OXiolein Ao TULD culilont LIED LATHINED oo

c_
DO 2 1]l )
NYale(l/0)a(lef) B MYclsZ2iaeheh b

C
CRyuCF{lell)evi] oK)
CANNA=S/ZEALT K oSQRT (e Galiy
ZuGhbinh 5-»..'».(1;«\)»-"/((‘.fn(lp.,).-.))

C
GSLEGANMAeSL (T ei2)
SKPaSIRH(GSL)
CKPuCOSH(GSL, )

C
Jrlsbhel
COEFCa2ec V(T oI /ZUMIDLd o) enlT cR)CT)
Ytlpler)erKP'Cl(Iz&tf('“(CLLIC
YO 2 e Ny ozo(olipeC (T (K Qpire Ceprcd
Y{Z2o)l by )r ‘r”/’
YOz, 2 cNY Yo QP

C

C OXIplzon ARD FURL SUCTIoN LINE valt BaT100 pATHICES ese

C
CPvuaelFVenuell e ) /Z(SeCPVegYeGoAigl g0 eS8
B2CiVO (e CHP)
BLluCFVezeSiiPelec Gl e K oVl RO leeCZ/ZIRNHOC KYcAT X))

’ 05

C
YUu(lsl o NY)uaT (] K)ebD)
YUCLs20NY)o(T(I K)ewls)eD]
YU (22l eNY )T, KD)0CB2
YU(Ze20MY):{T(l K)olodoD2

2 CoOnTINUG ‘
C

C COLLAPSE OXIDIZER LINES,



<33

(el ool alal

[alaNalal

n N

44

Y71

L0S

FULL

FULL

- .

DO 33 llng,.2

0O 33 Ju=t 2

YuQU Tl cddyeYuZ 0l gdd ol 1)
YOPTsdd o7y 7i0(ll o Jddel o)
TERPH{!T edU) =00 '

TENPH(L 1) do
TEHPh(Z,2)uls

DO 55 JJu7,2,~1

CALL SUBHNM(TENPM Y (Lsledd) TEHP)

DO 44 llvyi,2

D0 44 KKni,2
TENPH(LT KKy o=TENP (1T KK)

CALL SUDRMHI(TRHPHs YUl g Jdel) o TENP)

CALl SUBDA(YNOV TEND ¢YVg)

CALL. SUDNM(vEN P"OY( VelgpdeVdl)

Cl’\‘\‘,’- ‘“ xu|i|12 I ) "‘.-"’n"‘”!.‘. },T‘(?..’C';\I"]
CALL Sy ilete “2:~IZU‘2glc?cK)L1ﬁhTL}

v

DO 66 NR=i 2

DO ¢& NCu) 2

IRuZ G 2ol poineied
[CrticReoti ok £ IC“lcr
PlID I oy (iintic)
PUIRICZLe YUYV OULHE (NG

IRt oK¢NR P Inas,9
I1Cabo +2+NC B ICu9,:15
JCrl8+3clienC R JCn22,25

SUCTION LINE MATRICFS ece

POIRoIC Y (R e NCs D)
P(I;\‘S\,C)r‘]\l(‘~f\t‘L;C«)

PVC AND ACCUNULLATOR BATRICES ecg

P{IR®Z¢1Cez)uoTENE u(un»uc»

POIRCo e O oYU R e NG e Qe TERT T NE)
COpVINUE

D0 77 lul 4

Jaje2¢{]1/3)02 R Jnd¢4e700
Plled)flo :

DO 60 [ub,12

Jal¢6¢20{1/9) B Jollel2s0asl4,17, 13019 20
P(ILed)u)o ‘

FILL ROWS 12 THRU 20 (THRU STATVEMENT 51,

RELATES OUTPUTS ofF 0A1DIZER PVC vO Iv”UTS oF THE FIV‘T
SECTION OF Tue onIplzin LINT, YwOU ACCOUNTS FOil TOTnL ENE
SES DUS To SUCTION LINE YALL HCTIoMNe

l\\ x'




R .

C

c STRUCTURNAL EQUATIONS ece

C
CCON=0e
00 4 I=nislD
JIRalel
1Cale2h

C
KESLuvoRsLeo
IF(KIEOLoEWo 1 VKK5LCOBY
CCcotP(I41)/7HP(192)
CCaCCCOo(=KCENP)

C
P{IRs3 InCCceaSO(l)eKSLCO
PILIRe7 M4 eohSLCOCAS0(2)
POIRp1A)u2,0CCEASF{L)CliGLCO
PIIR 19 NCeKSLCOCASE(R)
PlIRs22)uCCuliPtsoc2alSLLCO
Pllfg28)nn eiipoySlc0osoe2

C
IF (I eMT el )CCONE 200 ZTTALT 0 )C0HGAL o) 0lGAl]lo )02
ONEOQVZohneonzo(ly/Z(soc2ecntl)
Iulef )0
IF(ABE(ONEOVZYeGT ol o B3 2l 201 0OVY

C
PLIf: 10 ey
FOIn 27 o cca gttt Iiol )y ezt o
POIRNCE s o {lollCRIDP ) e BuditIb0L ) e e20CCLeRREL O THOL

C
DO # Kufe2
[Rm20: 30K
POINsIC o onT001 )
POIRSL e IC R T 1)

4 POIRs2¢1C) by (] K)

C

PO & 23,28
5 . P{lel=2)2},

C

C

C FILL ROosS 29 ThHLU 2z

C

C TARK LOTYOH PRESSURNE LCOUATIOND oo

C

BO 6 Ivlq¢2
IR-20<1
ICe1Gelel
PIIRIC)ualSLC0uSec20lTO(])
6 P{IRePICe2)0nliglCQoeSoozol 7 (T}
P29l o)
P{3D5 Dzl
PO31e® U]
P(32es1E8)E}s

FILL ROWS 33 THRU a8

ENGINE TRAMGFER FUNCTIONS o049

NOOOOD

DO 9 181,43

7 S T e eI I

p———y

e ———



11

222

END

i w i mmary e — Ay — e es e — - s+ e mowre - [2Y

DO @ J=l2

DQ 9 Kol

SUlele

00 7 L=le2

SuUiieoUnivctlel pJpKIuSeCl
Supi2ele

DO & Lu3s¢6
supzesUlizecilelcJdodeScolle)
KS({livell )“Sh(lvdsl)“Uul/oU'ﬁ

00. 11 Jol,2

0O 11 Knl.z

CE(J e KITCHPLXR Ug.ALPHA(Jph!ODuTOPD¢OhE6A0 VETA(Y,K)oDGTORD

)

P{33¢3 du(eKS5(2,1,1)0RSLNLaGoCRQ (L) )oKCECO
PEaned JoueXS(3plel)ORELHL/ 200l ERC0

PU23703 JeeliS{Let el JCEXP(CELL L)) ORCECO

P{33:12)0oKS 2c2s L) ORELELERCECD
PU36Ge 13 0o (S13,2:3)008LNLe2c0c8cCLF ()20 CECD
PU37002)0aXS (L eze )CTRF(CE (2 yeCECO

PU3Ge7 JuokSL2¢12) ciBLNLeSoCBO (2]

P(acCe7 JuedsS{dsier)elblnlz2e
PA27 Y doeanll e 2) e nERTEen el 2

V(B“zlﬁ)’“ﬂT( a2 Yo lRTLEL
Pl 1 oo iiS (a2, 2 elisLille2e0SoChi (23700
P30 1S)u ST t&oﬁ)(' CCENP(CE(Z,2) )

PL23s4 Inlo
P(ricgifilc)e
PLXGs 8 )0l
P{36c20)0 1
P(37s37)0 10
P(38:20)ule

RETURN

SUBROUTINE SULHn{ABC)

COLPLEX f;(doZ)[P(r.:t’)OC(Zt?.)

DO 111 Hlcl 2

DO 111 fidole2

Clidetil ) 0o

PO 1L e} 2

CUNJd eI e NI AN el eD (IR
RETUNH

SUCROUTINE sUSHA(ADLC)
CONPLEXN fR{2.:2)s0(2,2):C(22)
DO 222 lilul 2

DO 222 hdel,2
CluIsHJ)IBA (M HYIeB(NTend)
RETURN




RFONRSI

TITLE

AUTHOR

DATE

PURPOSE

CALL

INPUT

ouvYPUT

A O OO NN NN ANONO NN ONOONOND

USED

.
C
C

.

¢

.
C

.
C
C
C
C
C
C

T CALL PVC(OMEGA:PVCSL ,PVCAPVCSAPVCT PVCKS,PVCSKG

SUBROUTINES

lp K{chr".-':lc

POGSICoPVC,cPVC
PvC
Cof o GRHICK
101508

epTRua2Y 0
PVCYSe

CALLED pY
nopel

THIS ROUTIHE IS DEFINE The

HAYRICES UsSeED To THE
d SRHO.
MO HF yKEC2A YRV Y HPVC)

EGA IS THE
£E DEFINED (fhDIAMS) .
THE LISTY UP To

”AI“ Pl ’1[-

ALL INPUY IS THROUGH THE CALL L1STe OH
FREQUENCY FOR wWylcCH THE vfanzcrc Vel
A DESCRIPTIONR OF ALl OTHER VARIADLES IH
AND InCLupinG HoCzh AN BE Touiip b ThG
tPOCc02% .

YPVC EACH OF THIGE IS DIMENSTIONTD 2R2N20%2e THE
Yupyd LLGTY sUDSCRIPY 16 BON IHDoARD QUTHC fPio THZ
SECOND LADY ls FOR ONYEaN, FUgle THE gho

PETLRNINED By THE FIRET
RELATE PYC 0”..u. PRECSUSES D
Connvrpy
ACCOURT

MATRICES THO SULSCRIpTS
FLove TQ THE
“n”xrl‘f; E («'f
EFFECY oo

v - LRREER PR ~
Tl A T N T A R R L N

RN GxLLLh H A R AR

SUBIHM AND SUGHV
TO HULTIPLY TWO
COLPLEX MATRIX

tPyece AND ARE US oAn
HATRICES oR HulLTIPLYy A 232
Slohil COHPLEX VECTO,

ARE ITHTERNAL TO
ConftLEX 2xrz
gY A TV0eDINE

SUGROUTING PVClokEGA(PVC :LGPVC',PVCSAnPVCTnPVC!SEFVCSKG.
RHOcHO o NP ¢ KEC2AYBVC {YUPVC)

REAL MHO({Z) HF(2)
COMPLEN YPVC(ZeZo?n?)e\\”¥C(zet.?b?)aq GLGCS

DeEe TP(2:2,8) 7048020 2)
TEH{'I'((c )g‘lﬁl\“&[!)ﬁ’f[

SO 202)Y cTENPVL2) YERPV2(2),
TEHNDPVI(Z)Y (SAVENLZ,:2)ST(2,0) :

pipchelon P”C(l(up?ﬂ/)r \(’(Ks? 2 pPvCSalzy2ca2y,Pvcitlagzl
.HO(R;.{)H'\'CI\»(Zg.

SoCHPLA(De (ONEGRA)

Grulooh B 1L/SECoo2

NO PVCES ARE THCLUDED IN THE LIKMES
1F(KBC2ACcEQel )G TO 7
IRu=]

ICand

DO ¢ Ivle2
IJdade(2-1)olD

BOX,,FUEL




Jicutje]

DO & Kul,2 PINBOAND  OUTOOARD
RKSPuRYCES (I,V)/(Pvf’(znlc:)‘”chfiglph))

INDS®E |
00 | Jri2
INDSmo DS

GLeSePVCSL(Je e R)/ZPVCSA(Je] oK)
CCaCOSH{GL)
SCaSINH(GL)
2upVCSA(J1 JKIZ(PVCALY LK) OG)

DuwRHO(T (K)o (PVCSKEPCCeSOPYCAIY, 1K) 0ZCSC)
Ecpni! O(Z:f\’b(P\chi GC"C/Z¢5F"‘(‘/(J:‘dJ“CC)

Jdir7e 2ty PdJduba
TP{leledJ)aasCCo(D/RKET ) INDEG
TP(Zilcdd)ESC/z¢(E/RK§P)OIHDS
TP(l:i2cJd)sCel

YP(2:25dd)oeCC -
Jdd=zed

TP(’[!:J'I) fn/\r:-p‘ 'Yf'(:’.'5.'?)(.r"'(j“i"'*?f'(;f‘,.‘.
1‘}"’-‘19\“'-\])“5‘»'..O(lw)‘i\\.;\urxcr?/l e e DS

A HON EHEG AU N
TP(Lelsddd) e
TP(ZB?-EJ\,\')HIO

ST eJ)IoRHO(TI sR)OPVCSKG

ST 23 J)meSomt0{] e X)EDPVCALL L 1)
ST(loJdu3):D :
ST(2¢drz) g

IF(JeERe2)GO TO
TP({lslsl)aaCC
TP(2sl el )SC/7
TP(ls2c1)S5C07
YP(2:201)00CC

COonTINUE

0y

ST(lef}
Bloe oy (z2ed)

ST(2:¢0

CALL SUBHE(TIOL g eB) o TP (el et eySis
CALL SUBEBITOAeyP (el ¢ ) ¢ TEINID
ChLL SUD hu(?l‘fn"nr‘lPHnlc?)pl se22)
CALL SUGHE(VYEN32sTP{ledol)  THU221)

16422011 10v0432(01,0)¢l,
TE432(2,2)uT5432(2,2)+1,

CALL SUBHV(THA321,ST(1s5) TELPV 1)
CALL SUDHVLTEa32eST(L2) TENPVA
CALL SURNVITHGeST(1e2) s YENPVE)

DO 2 Ilnt,2




[alNaNaNalalal

~!

(@]

1l

12

RELATES
WALLS

TEHPVI(IIIGTENPYI(II) SYENPYZ(LI)=TENFVI(LT

CALL SUDNV(TRY
CALL SUBHV({
po 2 11”152
TEHPVZOID)aTERPV2OEE)=TELPYILLL)

V) TERFVZ)
sTENDYR)

DO 4 lHul,2
SAVEN THe DY e TENPVICLHIOPVCT (Y 1)
MiHjode]

SAVEM{IMyMUTI)STENPVI(IN)G(LeePVET(I,K))TENPV2(1IH)

DO & NRnu}],2

DO 5 NC=],2

YPYCIRE  HCol (R)aTRG32VINR NG
YUPVCIUR s NE T RYOSAVERINN ¢ NE)
CONTINUL

REYTURN

ASSOLUTE FLOW RaVIS TO RATES wHiCH (R0 RELATIVE VO THE - ALLS

PO o Kb o
YUPNCLZ 2 ) (K1 00Sai0din)
YupPVClagl e git)eabunid
PO € vyl
YPVC(lled el o)zt
YPVC(Z2a2s ] K)o
REYURH

¥l

SUBNOUTINES cco

END

SUBROUTINE SUDHI(ALEC)
CONMPLEX A(2,:2)5B812,2),0C(2,2)

0O ] Hl=g,2
DO 1Y HJoyl .2

Cihdehil )0y

DO 11 M) )
CindemlyeCindetiglealtidetiiiroD (BN N1
REYURH

CONPLES A(2c2)sc(2)sD42)
DO 12 HiJey o

QIR RN U

DO 12 KKot 2
CIHT)sC (L) e (] o HRISGE LK)
REYURN

SUpnoUTINE sullivish,C)
£




RFOR LIS
TITLE
AUTHOR
DATE

PURP

METHOCD

CaLL

INPUT

OUTPUT

SupnouTiIink
UGSED

ONO OO AN ANON OO NONN OO OO ND

10
END

FOGuATLLH

POGS1CeSOLVEQ,«SOLVER
SOLVEQ

Co Fs BrNICK

Te2008

'SELVEY 1S CALLED BY THE HAIL » PQC0EY v 0
SUPPLY SOLUTIONS OF THE LINEAR s S] H O DEFINED BY truThxzt,
OBTAIN COMPLEX VALUED SOQLUTIONS BY USING A GAUSSoJORDAN
REDUCTION: RETURK THESE SOLUTIpNS 70 ¥pOGO2° IR ThHE
FORti OF AMPLIYUQE ARD PHASE ANCGLE.

CALL SOLVEQ{DP oNRPHCP ¢ AP PHIANG)

THROUGH Cabl LIST e

P COEFFICIENT HATRIX OF THE LINEZAR SYETEN
NRP HCP P IS o!r"*zovrn NOP X NCPe

THROUGH CALL
AMP ARRAY OF
PHSANT ARRAY OF
SYSTELi.

LIST coe
AHPLITUGES OpF SOLUTIONS OF YT SYSTEMe
PHASE LMCLES OF sQLUvIOHS OoF YHG

[)

()

ceun pOROUTIND IR vHD URIVAC AT pPAcE LHTch

PERFORDS THS GausSodunDAL BEDUCTIOH

SUDROUTINE SOLVEQ(D o MNP (NCP g AHiP (PHSANG)
CONPLEN eunP eV 0P
DIGERITCH AP Ly e PHSANGEL)

Ve (8o, 00)

CALL CGUR(P ,NCP HRP yNRP (NCP ¢ &
G0 10 2

URITE(O6,10)UC

LedCeV)

DO 2 Iu) ¢MRP

PPl e NCPY)

AP (LY ORES PP

PHSANCLD )= D

IF (AP OI ) e G oo EndZ )PHEARGUI) Ay ANZUATNLCLPP ) sREAL(PE))
conyintl

RETURK

|‘JC"9§!2)

e —— b mtce e Zab L o o aicgs N



[}

ALD OXIDIZER PRESENT .  THE HODX Shzrf 0ATa 16 Sy0RED
NULERICALLY FOO DIGCRETE VALUZS OF FLIGHY VIHithe ThHLELD
VALULES PRESUDPOSE A PARTICULATR L CUTER EnGrvs CUTeorfF
TIHEe MENCE, A CHANCGE [N CUT=0FF VIHE VARIES THE vIOE
AY GLHICH 4 PARTICULADN LODE CHilo (FRonh YRE DT PS4
VALID DREPRESENTAYION FOR THE VORICLE.

RFOR,S1 POGSICeSTRCT2,eSTRCTZ

c .

C TITLE STRCYZ <« ¢ PRIMES LOEING ouZ3vy¢yl

C

¢ AUTHOR Col o BANICK

C

¢ DATE CEEN

C

C SPFONGOR He Eoe -’iLf)"""‘ i)

C . '
¢ PURPOSE CALLED BY THE MAIN PROGRANM 'POGO2Y Y0 SUPPLY VALVULS OF
C THE STRUCTURAL DATA AS FUNCTIONS QF TIHE

C

¢ METHOD LINEAR INTENRPQLAYIONS ON EXISTIHG DATAC

C

C CALL CALL STRCTZ(TnTCECOeOHCﬂgZETAeHPsHTOcHTF;HCOHKQ)

C

C INPUT THROUCH CaLl. LIST oce

C T FLIGHY YIWE FOK vrxcu THE DATA Ll o

C OETERBINED (880

C TCECO TIHE FOR THE LfJi\F EnGIng CUTOFT {SECY

c R

C OUTHUT THROUGH Catl LIST eoe

C A DESCRIPTIGH OF ALL oUTLUT VARPADLES CAM PE
C Fouin i wnl 0nilh PROSTLN et

C

¢ HOYE T STRUC U, nODn SpApTo prriph oo YhHE RATL 0F Fulh
C

C

C

C

C

C

C

C

SUCROUTIHE STRCT2(T¢TCECO0lGA:2ETAHP (HTOHTF nGONER)

DInENSION OHGA(?)oZETA(9)pHP(10.2)ghT0(1ﬂ ZYsHTF(L002)

N HGOREGLI0) o THIO) cAOHGATL Q) g ATl ),rrhu 000 )
. RGHOVHLR2Y JARD LD, 2 e AHTO(L o0 ) e 2 HAT ((g Ve C{Zp2) e CLUEB2),
. C2(2)C3(2) ZZE7000) cAHPORLLT ) ZETHLE]

EQUIVALRHCE AT e htille 202))

DAYh TIH/0 100600 00¢ 120 cc1000/

DATA Z?l[i'l'/x/oﬂﬂﬂgcﬂlonf’.GE-r.‘c(U‘:pg‘?'o[]Z/

DAYA ZOEVL1/72¢0000,20c0)8 c01G002/7

RAYS RADIIFQALeBOT “o!cr!r'clb LELG el ol U2 G lFNB e HENRY
DATA RDLGA/3e77 ¢4 eDelcP7eColTo10c82,280%¢
qc(;c Cf)('tr’cilnﬁ(‘cl t()(‘l‘9()9"?969[’10()0(;;/‘0179 01?9&‘0

.r;fo S9, 10075

o

. 1000c2¢ 8l olned ol 9elielufol2l 1l ohbel2e36¢ 2ty

. 1245431050, 7

° 10663,02c27:3014e87,:11633,11056,148 0’380301‘500‘3’

. 0160764201720 ,17602017¢ 7?9[800 s
° 16,07/ :

DATH ABEO/ce296EH 060300275000l 0CEG,012784,30709E20
[ ] : ol’ﬂ‘)r 0v3'§‘:~r'ipo.‘521r?goi?0 I.OOI‘(\(‘E‘ipe:’l{uliQSg




® © © ® & @& o©o ©

e 1S E3 o B3, 05028202903 117877 9ED,
e 305 i3co?.3‘,7;'.3;e] 75E3, 01 575;3592;‘_(;,5':3;;,1251g
20‘;‘12&';3.:2&}‘,‘[3. "l‘}"530215:3350,’_’11539

eI CES s e HOAEN ;e 2 0200702, 200407L2

e EN e A0ZT N o N7R2,20 61082
2620202200 3 e 92N 1OEE3 098D
201 0GEN (2063, 625503001565 240130E£3/

Di‘\'l'..\ Al e 2 25611 .0]/6;0.‘2(.00-/0&
logo2B,6l18,50010624044L5)

0346297 ¢688Ew] 40233,0205,0336E=1,
0620E”1302 390! 1.0223902;u
0321E°l19059|c235g91530c605E92.
0021500160001 67 004025k,

CCUHER2 ¢ 19IE=) , e 18280} gelBlsc405,723¢00/
DAYTEH RUPGZ3/0C31 s
lopolUle20C,cl10500
e A23E«2 0210 c250,el 100722
0321 4700303003322 030
e 1G2Ec2 o RT1EC2 6180l 03y
«eF76E 1;c!ﬂ EeZebR0246 2%y
0‘:2(:0:52-1{'—. 50:’;’“(“ 002(\)1“");*‘»'
Q77zlcﬁ96‘0£”$h‘39C5d)t”\g016A:?
PRV A SDAPINE SN 75 W TISS R R (R DR G o

[ale T SECENN TN 7 LQ AN o
T . [

¢ o i ":‘]:c..' RS
3

elollel ol PR (LI D 0T e
el‘:":ct."1~".';<(_r’.v{r?f'”f oty

e QL0 e U2 e I70T e BNNE e ORYS s
07 :9002?‘51(:10.01(_‘.)3
s07051¢201 (6200, c300 0283

212600206

DATA AHTO/Z - 39 oellQ e ol Blpocbglbou BTFTy
©«ol128ec019C 99‘4!21-‘2390 3000072,
0199 pel3 D206 ,4002894,0020,
0090204508 e:024342e0230

EL2FEe2 4039760220912, 0030 ,2¢20EE03
we208E92 4 ¢219:9. 0308620, c0200,
00243cc¢07 7240002092 ¢00101 400227,
Ce 220 1730l 23 el C? o ¥R,
el et nlled ocDZ e 200 (e a6,
o iEl e 0T po e 0N NA e DT L0205,
“cD’."i.sef—cﬂl‘,2:"¢U(w;’.o"00212/

DATAH MUTEZ 270 775207 0e Gl oy

w2120 ti02c 27 ,c03F2cc001 ],
OZU(:&O!LIpbox-‘j-vocllf;cc(\sﬂlo
022600l T o ClSpecQOb e DGy

EE RN R R U RN B IPE I (el n%he3

e ] TEed e 2B 200 QAT o016l el 32,

40.521; eONET ."Oli/[; "‘D“clgil”?nrex!‘)r"Zg

0527602, 6200403 86smelbB3E03 el 1Ee=2,
wc207E22) 9226924000200 ;2 ¢D2682e035,
-006é39°0083n010~ nold7 4201l

e 840264 ,20153,002/

TWOPIo2e03c1415527




O OONnN

[a N}

li

DETCRNINI ¥

DO 13 17929
ZEYALIZ)0Z2C0TA(170)
TInEey

HE RELATIONSHIP BETVIEN THE cURRENT YIHE ALD THE
TIhE FOR Convin ENGl s CUIHGFFG

IF(T=12%¢) 101t}

DETENHINE TiHE YADLE LOOK<UP YIHEe

“IF(ToCToTCECO)TINFETC5C0¢080(T TCECO,

GO0 70 3

IF(T=TCECO)12;2422
TINEeT¢le20(T=1250)

G0 Y0 3

YInCoYse2e (TCRCQ 200}

IF(TIHE oL T eI ) cOReTINE o GTeTila) 0o TO 11

DO &4 In2.¢

111

IF(YINFELETH(LYICO TO 5
COnTINUE

COLu{VIn orn il ) seyiigliyegiitylein)
DO ¢ o J) g 2
HP (e d)o9cSL
HTID(L;J)og gl
HTF(!.\J)LOcVCE“

Jlell-
Rap ()VH(\J)e oS CLel/REDIEC(HD)

HGOMEQ{ 1Y eCOoNe IRGHOVE(2)YoNGHOVH (L)) <RGHOVII(L)
ZEYACL)OZETAL(L1e) )2 CONG(ZETAL(TI)=ZETAL (LI~}

DO 10 Kl 9
A0

OLGAIE )T o e lcONedhOHOALTT (Y AOIG (Tl ¢RY e
ROtk (1ot )

DO & 1v),2

JIcilelel

DO 7 Jot)g

CULed oAl (U1 ed (K ZABEQ (] 410D
C’-(IC\)ITC(I:J){I’.Hi.“\ I Jo )

Cz(lleC(legz)ulHyO{ul )
CA(IN: O 2)eAHTI(JT (10D

DO § Jt:l ¢
HGOHEQEK P ) QO o(C{2 ) eClled) 1 aCl] )
HP (K¢l e} n (CONO(CI{2pJdtaCl(l )y e Cl {4 Jd))/HGONEQ(RSY)

HTO(Kel, ?)U(CONu(CZ(?)“CZ(1))‘C2(1))/VGOHEQ(K¢I)
HTO (Kol 4 J)oHTO(K=1,42)

HTF (Kol ¢ 2)o(CON{CaI(2 a3 (1) )¢C30L))/HGRHEQIRSY)




i0 HTIF(Ke g3 dabTi{el2)
RETURN

11 WRITE(GsL2)TIHE
RETURNM

12 FORMAY
a

(
« BLE VALUES '1 57

feves)

END

e et e i s = s e D e s T

!
()
ol

L G vPTINEDY JF L3
;

IS QUTSIDE THE RANGE OF

ACCEP YA




RFORS1

- 55 -

L.

POGSIC, TALBLEB. , TABLEDB

C TI1TLE TABLE SEARCH wITH LIMNEAR INTERPOLATION
C .
C AUTHORS BV RYE AHD JE HOLCOLMDB
C
C DATLE 7/1/65
C
FUNCTION TABLEG(YT»xTsX3)
DIMENSION XT(1)»,YT(1)
c
C THE ELEMENTS XT(1Y=YT(1)=NUMBER OF CLEMENTS FOLLOWING
C
K=XT(1)
C - i
C BOUND X WITHIN THE TABLE, .GE. TO FIRST ELEMENT OF XT AND JLE.
o TO THE LAST ELEMENT OF XT.
IF(XBGE o XT(2) JANDeXB LL XV (K+1))GO TO 10
WRITE(6r101) X¥RaXT(2) o XT(K+1)
101 FORMAT (151 ztn#sTHD VALUE 1E16.8,21H IS NOT IN THE RANGE.
R Elo.8rttti  TOrL16.8r7H  Aodkrix)
TAGLER=(0,0
RETURL
C
C -
C DLTERMIGE THE GREATEST POVER OF Tw0 LESS THan THE TaBLE LEHGTH
C SAVING TT i fr AMD ITS SUCCESSOR TH 102
C
10 ll
1 Nz 4N
NNg=2%N
IF (N2 LT K)CO TO 1
C
C INITIALIZE VARIABLES FOR BTHARY SEARCH
d
L=2
WN=N
C _
c TEST TO SEL WHETHER XR IS LT(EQ,GT XT(M+1) THIS IS YHL LOOP POINT
C
2 IF (AB-XT (1) )5 8007
C
C Ao LTeXT (Y DECREASE 1 BY pIMARY FACTOR.
C
5 Nzt /L
C :
C MULTLIPLY THE DIVISOR Y 2
C
6 L=2xL
C _ ,
c TEST FOR OVERSIHOOTING END OF TASLEs TF OVERSHOOT DECREASE N
C
IF(N.GT.K)GO TO 5
TEST FOR EnD OF LOOP, IF L=pN2 (2xNys THEN 6O INTERPOLATE
IF(L-NN2)2+20,20

e Xe! OO0

XBoGTXT(N)y INCRLASE M BY EINARY FACTOR

e e RN ORI T




OO0

OO0 0

20

OO0

o
<
!

Nzl +NN/ZL
GO MULTIPLY THE DIVISOR BY 2 AND TEST FOR OVERSHOOT
G0 TO 6

TEST SEC WHETHER THE DESIREL POINT 15 ABOVE OR BELOw THE PRESEHT
X1 4

IF (XB=XT (N+1))60 40,50
X3 IS EGQUAL TO XT(H)r SO TAGLEB=YT ()

TAELEE=YT (N+1)
RETURLI

Xito GTo XTUN)Y ¢ THTERPOLATE WITH 1+l AND N+2
N=iv4 1
X2, LTeXT(N) e DECREMENT N BY 1 AND INTERPALATE WITH ! AND K41

TABLEBZYT () + ( (YT (N2 1) =Y T () ) (XD 2T 0D /T =XT ()
RETURIN

Eliis
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RUN

SANLPLE
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1
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) e . ’ _58_

o RUN CFB,POGCED s POCO25 304 50

PHUG C F BANICK POGOZ SAMPLE RUN
PASG ¢ A POGSIC

RASG: T | PLOTFILE. TrPLOT

PFOR eV POGSIC DATADATA

CYCLE 000 CONMPILED BY 1201 000p2SsD 15 MAY 69 AT 10i2Ri300

~219¢21¢
MTO(1)=u70o(2)

=24359235 s
PAFT(2)=PAFT (L)

END 0F COrPILATION: NO DIAGMOSTYC

RPREP POGSICe
Ele“"‘OOlS

BOMAP» IN POGSIC MAP? « ABS
NEy SYsBOLIC CYCLE 0 15 MAY 69 AT 1ei28:49

OXaT POGSLC ¢ ARS

<
e

THE COLLECYOR 1100-0009

e - s+ oo e

s g et T

-




SKI
MP
PvcD
PVCE
PvCTH
PvCSL

PVCRS
PvCT

PvCSKG

ALDPHA
BLTh
Koo T
K2
Kieoh
KCiEive
KSL ML
Ksl.Co

INDPHT
ITNDPLLY

FRRNT
SEND
$CSK
C

C F BANICK

e155665306+00¢

= D33535290-0Ls

it 1 "

tt "

"

o

noun

[ I R

HER

o"«52.’3()79‘3"05r
6015580 S 0
70009001
«000G00C0-00:
w2l 1BT20 U000
e 12600000+00

L1 IB1 00006 0t
58500000400,

¢91200G00+01
«18210000+02
18210000402
¢ 3000000003+
«30000000+08
20600000400+
«20600000400¢
e 25581000+ 02
$3LL500004025
.68500000+05p
cQ0QO0CLG0Q
«00g000H0OEC0,
00000000280,
000000000

- m -

1
1
1«
1

¢510720G9~01
«00000000+-00¢
¢ 15966800+00
«DAXR33290-01
BB 0TCT--05
eH03IH0CCC 0L
75068060001
00000000200
e 20 AHT200 00
Slpy7obiye-0%;
«00p0Q000+00:
c1B5066C00400
e 5H333200-01
JUDHQTOT 05,
e603150C0C-01
UTHE0B85698~01
«00000C0C+0Q

.« 24157200+000¢

012600000+049

-e11310000+01

«58800000400¢

PoGO2

[ W

AMPLE RUN

S

CREAL TIME CLOCK INTERROGATED AT

»
i

.

- 60 -~

35177600035
0000000000
HURL22G000
L0 0000-03
108285500030
LO000006000-+00¢
5079100702
¢ 31E0000040L,
e 2GR 00p00+06:
e 23763000+03¢

«25760000%02¢
« 257600004027
+ 3000000008
«300000N0+0C8
20600000100
«20600000+-00r
¢ 3250001001
170500004002
cH0000000+05
00006000y

00000000100
LLQ0C0uN0A00:

. 00000000400
0000000000
e 3817760005
00000000400+
LE00H22G0--00
JUHTOQGON0- 03

e 102055002000

0000000000
JAB0YCI00-020
L00000000-00¢
L000000N0+0Us
«3SLTTO00-05¢
20000000000
H08UR2223C 005
LUT7C00000050
10205500+ 00r

00000000400,

45072100020
34800000401,
32650000400
023761000403+

12521

!

. 00060000400
1T7LNET00+00
2100000003y
CB06L3800--05
LIE50uCl0H00 .
AMGS1800200
0 13020100=-Gtre
¢HRO00000+00¢
W 126G00T000N
W11310000+01

«13000000+02¢
«13000000+02
«30000000+0G8»
3000000008
12200000200
«32600000+00¢
W 201300G0F 0T
cH1H200004020
cGRB00000H0D
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C F BANICK  P0GO2 SAMPLE RUN
REAL TIME CLOCK INTORROGATED AT 143205
@ FIN
RUMID: CFB ACCOUNT: POGCFB PROJECT: POCO2
LOAD PLOT 2/t PLOTFILE =1 CFB
SERVICE  2/4 MOUNT PLOT i CFR
TIME: 00:01:00,767  IN: 93 oUT: 0 PAGES: 10

INITIATION TInE: 1602201 7-MAY 151969
TERMINATION TImME: 1328 00-MAY 1551960
CONE~5ECONUSE 657
1o Coullve PN

CHaARET S 101562
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Subject: POGO2 - A Computer Program for

Longitudinal Stability Analysis
of Large Launch Vehicles - Case 320
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